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I. Overview 
 

Menopause, or cessation of menses due to ovarian failure, typically occurs between 41-59 years of age, with 51 
years as the median age. The menopausal transition period is typically associated with irregular and heavy 
bleeding, vasomotor symptoms such as hot flashes and night sweats, and/or urogenital symptoms such as dysuria, 
urgency, urge incontinence, urinary frequency, and nocturia.1 For most women, these symptoms are usually mild 
and of short duration, subsiding within five years.2 Additionally, some menopausal women may be 
asymptomatic; however, up to 85% of menopausal women may experience sweating, insomnia, hot flashes and 
vaginal dryness and discomfort which are associated with estrogen deficiency.3 For many women with 
postmenopausal symptoms, hormone therapy (HT), the use of one of several available estrogens with or without 
a progestin, is an effective treatment; however, for many others it is not necessary.2, 4 For those women who are 
appropriate candidates for HT, estrogen alone is used in those who have undergone a hysterectomy.2-4 A 
progestin is added to the HT regimen for women with a uterus, as this substantially reduces the risks of 
endometrial hyperplasia and endometrial cancer associated with long-term estrogen therapy.2-4  
 
Through the past decade, new clinical data has altered previous views regarding the safety and efficacy of long-
term HT (for more than 5 years). For over 20 years, studies have been conducted assessing the long-term use of 
HT or HRT (hormone-replacement therapy, an older term usually denoting combination estrogen-progestin 
therapy).2,5 These studies examined the role of HT in the prevention of chronic diseases such as coronary heart 
disease (CHD) and osteoporosis.5 Past observational studies have shown risk reductions in CHD, colorectal 
cancer, and vertebral and hip fractures with HT as well as increases in bone mineral density.6 To fully evaluate 
the effects of HT was one of the aims of the Women’s Health Initiative (WHI), which was launched in 1991 
and consisted of both an observational study and randomized clinical trials.7 The WHI included 161,808 
generally healthy postmenopausal women, and the clinical trials evaluated the effects of postmenopausal HT, 
diet modification, and calcium and vitamin D supplements on heart disease, fractures, and breast and colorectal 
cancer. Women with a uterus were enrolled in the estrogen-plus-progestin therapy (EPT) trial and women 
without a uterus were enrolled in the estrogen-alone therapy (ET) study. In both hormone therapy studies, 
women were randomly assigned to either placebo or to the HT being studied.7 The EPT substudy of the WHI 
was stopped early due to findings of increased incidences of coronary heart disease, stroke, venous 
thromboembolic disease, and invasive breast cancers.8 The ET substudy of the WHI was also stopped early due 
to findings of an increased risk of stroke and no reduction in risk of CHD.9 Additionally, results from another 
set of long-term trials known as HERS and HERS II failed to show a significant decrease in the rates of 
primary coronary heart disease or secondary cardiovascular events in women treated with HT (EPT).10 The 
follow-up phase of the WHI is currently ongoing and is scheduled to end in 2010.7 
 
The Food and Drug Administration (FDA) responded to the results of the WHI trials by requesting that the 
manufacturers of estrogen products revise their product labeling to include updated warnings.11 The FDA has 
also issued a “question and answer” document12 which includes the following recommendations for women 
considering HT:  
 

• Estrogens and progestins should not be used to prevent memory loss, heart disease, heart attacks, or 
strokes.  

• Postmenopausal women who use or are considering using estrogen or estrogen with progestin 
treatments should discuss with their physicians whether the benefits outweigh the risks.  

• For hot flashes and significant symptoms of vulvar and vaginal atrophy, these products are the most 
effective approved therapies. These products are also options for women whose significant risk of 
osteoporosis outweighs the risks of treatment; other treatments for prevention of postmenopausal 
osteoporosis are available.  
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• Estrogens and progestins should be used at the lowest doses for the shortest duration to reach 
treatment goals, although it is not known at what dose there may be less risk of serious side effects. 
Women are encouraged to talk to their health care provider regularly about whether treatment is still 
needed.  

• There is a higher incidence of abnormal mammograms which require medical attention.  
• Each woman's individual medical situation needs to be carefully discussed with her health care 

provider to make the best decision for her. 
 
Many medical associations and authorities now recommend using HT to treat menopausal symptoms and at the 
lowest effective dose of hormone for the shortest duration of treatment, while weighing the benefits versus the 
risks for each individual woman.11  
 
Table 1 lists the estrogens included in this review. This review encompasses all dosage forms and strengths. 
Estradiol and estropipate are available generically as oral tablets and estradiol is also available generically by 
the transdermal route.  
 
Table 1.  Estrogens Included in this Review31-65 

Generic Name Formulation(s) Example Brand 
Name(s) 

Current PDL Agent(s) 

Single Entity Agents 
estradiol tablet, topical emulsion, 

topical gel, transdermal 
patch, vaginal cream, 
vaginal ring, vaginal 
tablet  

Alora®, Climara®*, 
Divigel®, Elestrin®, 
Esclim®, Estrace*®, 
Estraderm®, Estrasorb®, 
Estring®, Estrogel®, 
Menostar®, Vagifem®, 
Vivelle®, Vivelle-Dot® 

estradiol 

estradiol acetate tablet, vaginal ring Femring®, Femtrace® none 
estradiol cypionate injection Depo-Estradiol®  none 
estradiol valerate injection Delestrogen®* estradiol valerate 
estrogens, conjugated equine injection, tablet, vaginal 

cream 
Premarin® Premarin® (tablets only) 

estrogens, conjugated, 
synthetic A 

tablet Cenestin® Cenestin® 

estrogens, conjugated, 
synthetic B 

tablet Enjuvia® none 

estrogens, esterified tablet Menest® Menest® 
estrone injection N/A estrone 
estropipate tablet Ogen®*, Ortho-Est®* estropipate 
Combination Products 
estradiol and drospirenone tablet Angeliq® none 
estradiol and levonorgestrel transdermal patch Climara Pro®  none 
estradiol and norethindrone tablet, transdermal 

patch 
Activella®, 
Combipatch®  

none 

estradiol and norgestimate tablet Prefest® none 
estrogen, conjugated equine 
and medroxyprogesterone 

tablet Premphase®, Prempro® none 

ethinyl estradiol and 
norethindrone 

tablet Femhrt® none 

*Generic is available in at least one dosage form or strength.  
N/A=not available.  
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II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current treatment guidelines that incorporate estrogen therapy are outlined in Table 2. 
 
Table 2. Treatment Guidelines Using the Estrogens 

Clinical Guideline Recommendation(s) 
North American Menopause 
Society (NAMS):  
Estrogen and Progestogen 
Use in Peri- and 
Postmenopausal Women: 
March 2007 Position 
Statement (2007)13 
 
 

• Before consideration of any therapeutic regimen, all women should have a complete 
health evaluation, including a comprehensive history and physical examination. 

• Treatment of moderate-to-severe vasomotor symptoms is the primary indication for 
systemic estrogen therapy (ET) and combined estrogen-progestogen (EPT) therapy.  

• When hormone therapy is considered solely for moderate-to-severe symptoms of 
vulvar and vaginal atrophy, local (not systemic) vaginal ET is usually recommended.  

• Further evaluation of ET/EPT for primary prevention of coronary heart disease (CHD) 
is needed. Pending additional data, ET or EPT should not be used as the primary or 
single indication for coronary protection in women of any age. Data does not support 
recommendations for EPT in secondary prevention of CHD. 

• No hormone therapy should be used for the primary or secondary prevention of stroke. 
• Combined EPT should not be recommended for a sole indication of diabetes mellitus 

prevention in perimenopausal women. 
• There is inadequate evidence to support ET for any indication in risk reduction of 

breast cancer. 
• If potential benefits outweigh potential risks, then ET/EPT can be considered for the 

prevention of osteoporosis for women who require drug therapy for osteoporosis risk 
reduction.  

• Evidence is insufficient to support the use of ET/EPT for the treatment of depression. 
• Evidence is insufficient to support the use of ET/EPT for premature menopause or 

premature ovarian failure. 
• EPT should not be initiated after 65 years of age for primary prevention of dementia or 

cognitive decline. 
• Lower than standard doses of ET and EPT should be considered. 
• Hormone therapy should be individualized based on severity of symptoms and risks 

versus benefits. 
• In the absence of clinical trial data for each estrogen and progestogen, dose 

equivalencies should be considered; however, the clinical trial results for one agent 
may be generalized to all agents within the same family.  

North American Menopause 
Society (NAMS):  
The Role of Local Vaginal 
Estrogen for Treatment of 
Vaginal Atrophy in 
Postmenopausal Women: 
2007 Position Statement 
(2007)14 
 

• Nonhormonal vaginal lubricants and moisturizers should be considered as first-line 
therapies for women with vaginal atrophy. 

• All low-dose vaginal estrogen products, approved in the United States for the 
treatment of vaginal atrophy, are equally effective at the recommended doses from 
product labeling. 

• Vaginal ET should be continued if distressful symptoms are present. 
• Management of vaginal atrophy is similar between women with non-hormone-

dependent cancer and women without a cancer history. 
• Clinical judgment and patient preference should guide the choice of therapy selected. 

North American Menopause 
Society (NAMS):  
Treatment of Menopause-
Associated Vasomotor 
Symptoms: Position 
Statement (2004)15 

• Consider lifestyle changes and nonpharmacological options for the treatment of 
menopausal vasomotor symptoms first. 

• Treatment is only necessary if hot flashes are intolerable. 
• ET and EPT should only be used for short durations. 
• Lower-than-standard doses of ET and EPT should be considered. 
• Progestogen, either in a continuous or continuous sequential regimen, should be used 

in all women with an intact uterus who are using ET. 
• For perimenopausal women who require relief of vasomotor symptoms and 

contraception, low-dose combined estrogen oral contraceptives can be considered and 
then switched to EPT postmenopause. 
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Clinical Guideline Recommendation(s) 
• Nonhormonal prescription drugs such as antidepressants, gabapentin, and possibly 

clonidine may be considered in women who are not candidates for hormone therapy. 
North American Menopause 
Society (NAMS): 
Management of 
Osteoporosis in 
Postmenopausal Women: 
2006 Position Statement 
(2006)16 

• The primary indication for ET/EPT is to treat moderate-to-severe menopausal 
symptoms. 

• The primary goal of osteoporosis therapy, fracture prevention, is accomplished by 
slowing or stopping bone loss, maintaining bone strength, and minimizing or 
eliminating factors that may contribute to fractures. 

• When the menopausal symptoms abate, hormone-replacement therapy (HRT) can still 
be considered for the management of osteoporosis. However, the risks and benefits of 
HRT and alternative therapies should be considered. 

North American Menopause 
Society (NAMS):  
The Role of Calcium in 
Peri- and Postmenopausal 
Women: 2006 Position 
Statement (2006)17 

• In the presence of adequate vitamin D status, adequate calcium intake has reduced 
bone loss in peri- and postmenopausal women and reduced fractures in 
postmenopausal women greater than 60 years of age with low calcium intake. 

• Calcium enhances the bone protective effects of ET/EPT in postmenopausal women. 
• Postmenopausal women should have a targeted calcium intake of 1,200 mg/day. 
• Adequate vitamin D status is defined as serum 25(OH)D of 30 ng/mL or more, which 

is usually achieved with a daily oral intake of at least 400 to 600 IU/day. 
Practice Committee of the 
American Society for 
Reproductive Medicine:  
Estrogen and Progestogen 
Therapy in Postmenopausal 
Women (2006)18 

• Hormone therapy (HT) reduces the number of hot flushes by approximately 18 per 
week more than placebo. 

• The effect is greatest during the first year of treatment.  
• There are no significant differences between the effects of different types of estrogen 

or routes of administration. 
• Any influence of progestogen treatment, in continuous or cyclic forms, cannot be 

determined from the trial evidence.  
Institute for Clinical Systems 
Improvement (ICSI): 
Menopause and Hormone 
Therapy (HT): 
Collaborative Decision-
making and Management 
(2006)2 

• The terms “cyclic” and “continuous” refer only to the progestogen component of 
combined HT. Additionally; several authorities make the reasonable recommendation 
to use the lowest possible dose for the shortest possible time (eg, the American 
College of Obstetricians and Gynecologists [ACOG] and the National Institutes of 
Health [NIH]). 

• Many effective options are available for the relief of menopausal symptoms and 
should be considered. Often, HT is the most effective treatment; however, it is not 
always necessary.  

• Women taking HT should be re-evaluated periodically to determine if it is still 
indicated; especially if there have been changes in their health status.  

• Women at risk for rapid bone loss and who have recently discontinued HT must be 
identified and monitored appropriately to ensure that bone health is continued.  

• Following recent data, the long-held belief that HT protects against the development 
of CHD has been called into question. 

• The current role of HT in disease prevention has been all but eliminated.  
• Several recent, well-publicized clinical trials have resulted in increased apprehension 

about HT among patients and providers. Furthermore, it is unlikely that any definitive 
information or consensus will be available any time soon.  

• Although the specific risks and possible adverse effects associated with HT may not 
be fully defined, they cannot be dismissed and must always be considered and 
discussed as part of the collaborative decision-making process for each patient. 

• Although HT provides protection against the development of osteoporosis, as well as 
hip and vertebral fractures, there are several other agents that are equally effective. 

• Although the absolute risk of venous thromboembolism is still very low, the estimated 
risk has increased approximately twofold in current users of HT. 

• The association between estrogen therapy and breast cancer remains controversial, and 
there may be a small increase in the risk of breast cancer after taking HT for 5-10 
years. However, if HT is taken for less than 5 years, there does not seem to be any 
increased risk of breast cancer. Furthermore, any previous use of HT does not appear 
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Clinical Guideline Recommendation(s) 
to increase the risk of breast cancer, and the death rate from breast cancer does not 
seem to be increased by hormone therapy. 

• Although some studies indicate that HT may improve the cognitive function in 
perimenopausal women and therefore may have a role for Alzheimer’s disease, this 
may be due to the alleviation of menopausal symptoms only. 

• When considering HT, careful consideration and in-depth discussion are required to 
help each woman clarify her individual values and priorities. Then, she may decide 
how important each of the potential benefits and risks of HT is to her unique situation.  

• Through accessibility and close follow-up, women who have recently initiated HT 
should be provided with support and encouragement.  

• The priority aims of the guideline have been identified as the following: to increase the 
percentage of perimenopausal/menopausal women who receive education, to describe 
risks, benefits, and side effects of HT, and to increase the percentage of women with 
appropriate follow-up after cessation of HT. 

American Association of 
Clinical Endocrinologists 
(AACE):  
American Association of 
Clinical Endocrinologists 
Medical Guidelines for 
Clinical Practice for the 
Diagnosis and Treatment of 
Menopause (2006)4 

• HT is recommended during perimenopause and early menopause for the relief of 
menopausal symptoms and for the treatment of vulvovaginal atrophy. 

• If a progestational agent is used cyclically, it should be administered at adequate doses 
for 10 to 14 days each month. 

• If amenorrhea is desired, this may be achieved through continuous (daily) treatment 
including estrogen and a low dose of progestogen. 

• Although not well validated for effectiveness, long-cycle therapy of a progestogen for 
14 days every 3 months has been proposed to reduce breast exposure to progestogens. 

• Various dosage forms of estrogen may provide relief of vasomotor symptoms, and use 
of the transdermal or transvaginal route should be considered. Importantly, there are 
no published randomized controlled trials (RCTs) to support the idea that the 
transdermal route may reduce thromboembolic risk. Likewise, local estrogen therapy 
may have vaginal and uterine benefits with less systemic absorption. 

• Although multiple RCTs have proven the efficacy of estrogens in preserving bone 
mass, they have less consistently shown the prevention of fracture. 

• An increase in endometrial cancer has been shown with use of unopposed estrogen; 
therefore, this option should be avoided in women with an intact uterus. 

• To determine the adequacy of an administered dose of estrogen, appropriate 
monitoring should include dual-energy x-ray absorptiometry and an evaluation of 
known clinical factors of fracture risk. 

• Lipid profiles should be monitored to determine individual risk.  
• Several meta-analyses of observational studies have shown a reduced risk of dementia 

with long-term use of estrogen. However, in the Women’s Health Initiative (WHI) 
trial, the hazard ratio (HR) for probable dementia was 2.05 (95% CI, 1.21 to 3.48) in 
women beyond age 65 years who were taking EPT. 

• RCTs have proved the efficacy of estrogen in the treatment of menopausal symptoms. 
Additionally, estrogens can help diminish mood disorders such as depression, 
cognitive disruption, and sexual dysfunction during early menopause. 

• The Food and Drug Administration has approved the use of HT for the treatment of 
moderate-to-severe vasomotor symptoms (such as hot flashes and night sweats) 
associated with menopause. Although recent published studies may question the safety 
of estrogen for the treatment of chronic conditions in postmenopausal women, this 
indication has not changed and estrogen-containing products are considered the most 
effective approved therapies for these symptoms. 

• The Food and Drug Administration has approved the use of HT for the treatment of 
moderate-to-severe symptoms of vulvar and vaginal atrophy (such as dryness, itching, 
and burning) associated with menopause. If ET is being prescribed solely for the 
treatment of symptoms of vulvar and vaginal atrophy, then topical vaginal 
preparations should be considered. 

• The Food and Drug Administration has approved the use of HT for the prevention of 
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Clinical Guideline Recommendation(s) 
postmenopausal osteoporosis. If HT is being prescribed solely for the prevention of 
postmenopausal osteoporosis, then approved nonestrogen treatments should be 
carefully considered. 

• For osteoporosis prevention, consider ET and EPT only in women with a substantial 
risk of osteoporosis that outweighs the potential risks of the drugs. 

• The estrogen dose should be the lowest amount necessary to provide relief from 
symptoms or bone protection, with a reduction in dose as the patient’s age advances. 

• Common treatment options for orally administered progestational agents that have 
been shown to provide endometrial protection include: medroxyprogesterone acetate 
(MPA) (2.5 mg daily or 5 mg for 10 to 12 days/month); micronized progesterone (100 
mg daily or 200 mg for 10 to 12 days/month); norethindrone (0.35 mg daily or 5 mg 
daily for 10 to 12 days/month); and levonorgestrel (0.075 mg daily). 

• Patients with venous thromboembolism should be carefully advised about this risk 
when HT is being considered. Furthermore, because smoking further increases this 
risk, smoking cessation counseling should be preformed. 

• RCTs that have demonstrated no cardioprotective benefit of HT were studies in 
postmenopausal women who were more than 10 years beyond the menopausal 
transition (a mean age of mid-60s). This older patient population would be expected to 
have a higher incidence of subclinical CAD at initiation of HT.  

American Heart Association 
(AHA):  
Evidence-Based Guidelines 
for Cardiovascular Disease 
Prevention in Women 
(2007)19 

• HT should not be used for the primary or secondary prevention of cardiovascular 
diseases (CVD).  

• Other approaches such as lowering cholesterol and controlling blood pressure should 
be considered for CVD prevention. 

Agency for Healthcare 
Research and Quality 
(AHRQ), United States 
Preventive Services Task 
Force (USPSTF):  
Hormone Therapy for the 
Prevention of Chronic 
Conditions in 
Postmenopausal Women 
(2005)20 

• For most women, the possible harmful effects of combined estrogen and progestin are 
likely to exceed possible benefits in chronic disease prevention. 

• For most women, the possible harmful effects of unopposed estrogen are likely to 
exceed possible benefits in chronic disease prevention. 

• Estrogen is not recommended to prevent chronic health conditions in postmenopausal 
women who have had a hysterectomy. 

• The USPSTF does not make any recommendations on the use of HRT for the 
management of menopausal symptoms. Women and their clinicians are encouraged to 
discuss the risks and benefits of using HRT for menopausal symptoms. 

National Institutes of Health 
(NIH):  
Consensus and State-of-the-
Science Conference 
Statement on Management 
of Menopause-Related 
Symptoms (2005)21 

• Estrogen, alone or with progestins, is the most effective treatment for hot flashes and 
night sweats. 

• Estrogen therapy increases the risk for stroke, deep venous thrombosis, pulmonary 
embolism, coronary events, and breast cancer. For women with severe menopausal 
vasomotor symptoms, the decision to use HRT would require balancing the potential 
benefits against the potential risks.  

American College of 
Obstetricians and 
Gynecologists (ACOG): 
Task Force on Hormone 
Therapy:  
Hormone Therapy (2004)5 

• ACOG recommends against the use of HRT for the prevention of chronic diseases in 
postmenopausal women. 

National Osteoporosis 
Foundation:  
Physician’s Guide to 
Prevention and Treatment 
of Osteoporosis (2003)22 

• Although HRT reduces the risk of spine and hip fractures by 34%, there is an 
increased risk of breast cancer, heart attack, stroke, and venous thromboembolism. 

• HRT should be used in the lowest doses possible for the shortest duration of time to 
relieve menopausal symptoms. 

• All available medications should be considered prior to making a decision to use HRT 
for the prevention of osteoporosis. 
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Clinical Guideline Recommendation(s) 
European Menopause and 
Andropause Society 
(EMAS):  
The EMAS 2006/2007 
Update on Clinical 
Recommendations on 
Postmenopausal Hormone 
Therapy (2007)23 

• The points of view and recommendations previously published24,25 are not altered and 
still hold true. 

• Although some women may be susceptible to early thrombotic risk, the benefits of 
HRT will outweigh any potential risks, when the appropriate HRT is given after 
clinical evaluation. 

• Estrogens appear to have a lower risk of breast cancer and venous thrombosis 
compared to combined treatment, however this is only indicated in hysterectomised 
women. 

• Breast cancer appears to be only associated with long-term treatment. 
• In order to minimize risks it is important to acknowledge established 

contraindications. 
European Menopause and 
Andropause Society 
(EMAS):  
2004/2005 Position 
Statements on Peri- and 
Postmenopausal Therapy 
(2005)24,25 
 
  

• The main indication for HRT is relief of menopausal symptoms. 
• Estrogen replacement therapy should not be used for prevention of CHD. 
• The dose and regimen of HRT should be individualized and administered at the lowest 

appropriate dose with respect to the severity of symptoms and the menopausal age. 
• In women experiencing an early menopause at <45 years of age or premature 

menopause at <40 years of age, there is data to support an overall benefit from HRT. 
• In women at high risk of osteoporotic fractures, long-term systemic HRT may be 

considered if there are no appropriate alternative therapy options. 
• Local estrogen therapy is recommended for long-term treatment of urogenital 

symptoms. 
• In women with an intact uterus, estrogen should be used in combination with 

progestogen therapy. 
• HRT is not recommended solely for the indication of colorectal cancer prevention. 
• HRT should not be prescribed for women with a history of breast cancer, deep venous 

thromboembolism, transient cerebral ischemia (TCI), stroke, or dementia. 
International Menopause 
Society (IMS):  
IMS Updated 
Recommendations on 
Postmenopausal Hormone 
Therapy (2007)26 

• The dose and regimen of HT should be individualized for each patient. 
• It is recommended that each patient be counseled on the risks versus benefits of HT. 
• No mandatory limitations should be placed on the length of treatment. 
• The lowest effective dose should be utilized. 
• In order to prevent endometrial hyperplasia and cancer, all women with a uterus 

should have a progestin added to systemic estrogens. 
• The most effective therapy for vasomotor and estrogen-deficient urogenital symptoms 

remains HT. 
• HT has been shown to be effective in preventing bone loss associated with menopause 

as well as a decrease in osteoporosis-related fractures; however, these results are 
correlated with the dose and decline after cessation of therapy. 

• The association between postmenopausal HT and breast cancer remains controversial. 
• As age increases so does the HT-related risk for serious venous thromboembolic 

events. 
• Women younger than 60 years of age should not be concerned about the safety profile 

of HT. 
Royal College of 
Obstetricians and 
Gynaecologists (RCOG): 
Hormone Replacement 
Therapy and Venous 
Thromboembolism (VTE) 
(2004)27 

• RCOG recommends that oral HRT be avoided in women with a previous VTE and in 
women with multiple pre-existing risk factors for VTE. 

• HRT is not recommended for women with an underlying thrombophilic trait and at 
high risk for VTE, even if there is no personal history of VTE. 

• For women who develop VTE while on HRT, it is recommended that HRT be 
discontinued or continued with long-term anticoagulation if HRT is determined to be 
required. 
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III. Indications 
 
FDA-approved indications for the estrogens are noted in Table 3. When prescribing solely for the prevention of postmenopausal osteoporosis, therapy 
should only be considered for women at significant risk of osteoporosis and nonestrogen medications should be carefully considered. When prescribing 
solely for the treatment of symptoms of vulvar and vaginal atrophy, topical vaginal products should be considered. While agents within this therapeutic 
class may have demonstrated positive activity via in vitro trials, the clinical significance of this activity remains unknown until fully demonstrated in 
well-controlled, peer-reviewed in vivo clinical trials. As such, this review and the recommendations provided are based exclusively upon the results of 
such clinical trials.  

 
Table 3.  FDA-Approved Indications for the Estrogens28,31-65 

Treatment of  Prevention of Treatment of Drug Brand Products 
and Generic 
Equivalents 

Moderate-to-
Severe 

Vasomotor 
Symptoms 
Associated 

with 
Menopause 

Moderate-to-
Severe 

Symptoms of 
Vulvar and 

Vaginal 
Atrophy 

Associated with 
Menopause 

Hypoestrogen-
ism Due to 

Hypogonadism, 
Castration, or 

Primary 
Ovarian 
Failure 

Post-
menopausal 
Osteoporosis 

Abnormal 
Uterine 

Bleeding 
Due to 

Hormonal 
Imbalance 

Advanced 
Androgen-
Dependent 
Carcinoma 

of the 
Prostate (for 

Palliation 
Only) 

Breast 
Cancer 

(for Pallia-
tion Only)* 

Vulvar 
and 

Vaginal 
Atrophy 

Atrophic 
Vaginitis 

Single Entity Agents          
Estradiol Alora® a a a a      
 Climara®, 

estradiol 
transdermal 
patch 

a a a a      

 Divigel® a         
 Elestrin® a         
 Esclim® a  a     a  
 Estrace® (tablet 

and cream), 
estradiol tablet 

a 
(tablet) 

a 
(tablet) 

a 
(tablet) 

a† 
(tablet) 

 a 
(tablet) 

a 
(tablet) 

a 
(cream) 

 

 Estraderm® a a a a      
 Estrasorb® a         
 Estring®  a‡        
 Estrogel® a a        
 Menostar®    a      
 Vagifem®         a 
 Vivelle® a a a a      
 Vivelle-Dot® a a a a      
Estradiol 
acetate 

Femring® a a        

 Femtrace® a         
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Treatment of  Prevention of Treatment of Drug Brand Products 
and Generic 
Equivalents 

Moderate-to-
Severe 

Vasomotor 
Symptoms 
Associated 

with 
Menopause 

Moderate-to-
Severe 

Symptoms of 
Vulvar and 

Vaginal 
Atrophy 

Associated with 
Menopause 

Hypoestrogen-
ism Due to 

Hypogonadism, 
Castration, or 

Primary 
Ovarian 
Failure 

Post-
menopausal 
Osteoporosis 

Abnormal 
Uterine 

Bleeding 
Due to 

Hormonal 
Imbalance 

Advanced 
Androgen-
Dependent 
Carcinoma 

of the 
Prostate (for 

Palliation 
Only) 

Breast 
Cancer 

(for Pallia-
tion Only)* 

Vulvar 
and 

Vaginal 
Atrophy 

Atrophic 
Vaginitis 

Estradiol 
cypionate 

Depo-Estradiol® a  a§       

Estradiol 
valerate 

Delestrogen®, 
estradiol valerate 
injection 

a a a   a    

Estrogens, 
conjugated 
equine 

Premarin® a 
(tablet) 

a 
(tablet) 

a 
(tablet) 

a 
(tablet) 

a║ 
(injection) 

 

a 
(tablet) 

a 
(tablet) 

 a¶ 
(vaginal 
cream) 

Estrogens, 
conjugated, 
synthetic A 

Cenestin® a 
(except  
0.3 mg) 

a 
(0.3 mg only) 

       

Estrogens, 
conjugated, 
synthetic B 

Enjuvia® a a#        

Estrogens, 
esterified 

Menest® a a a**   a†† a   

Estrone N/A  a a       
Estropipate Ogen®, Ortho-

Est®, estropipate 
tablets 

a a a a      

Combination Products          
Estradiol and 
drospirenone 

Angeliq®‡‡ a a        

Estradiol and 
levonorgestrel 

Climara Pro®§§ a   a      

Estradiol and 
norethindrone 

Activella®‡‡ a 
 

a 
(1.0 mg/0.5 mg 

only) 

 a      

 Combipatch®§§ a a a       
Estradiol and 
norgestimate 

Prefest®‡‡ a a  a      

Estrogen, 
conjugated 

Premphase®‡‡, 
Prempro®‡‡ 

a a  a      
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Treatment of  Prevention of Treatment of Drug Brand Products 
and Generic 
Equivalents 

Moderate-to-
Severe 

Vasomotor 
Symptoms 
Associated 

with 
Menopause 

Moderate-to-
Severe 

Symptoms of 
Vulvar and 

Vaginal 
Atrophy 

Associated with 
Menopause 

Hypoestrogen-
ism Due to 

Hypogonadism, 
Castration, or 

Primary 
Ovarian 
Failure 

Post-
menopausal 
Osteoporosis 

Abnormal 
Uterine 

Bleeding 
Due to 

Hormonal 
Imbalance 

Advanced 
Androgen-
Dependent 
Carcinoma 

of the 
Prostate (for 

Palliation 
Only) 

Breast 
Cancer 

(for Pallia-
tion Only)* 

Vulvar 
and 

Vaginal 
Atrophy 

Atrophic 
Vaginitis 

equine and 
medroxy-
progesterone 
Ethinyl 
estradiol and 
norethindrone 

Femhrt®§§ a   a      

*Indicated for the treatment of breast cancer (for palliation only) in appropriately selected women and men with metastatic disease. 
†Estrace® tablets are indicated for the prevention of osteoporosis. 
‡Estring® is indicated for the treatment of moderate-to-severe urogenital symptoms associated with postmenopausal atrophy of the vagina (such as dryness, burning, pruritus and dyspareunia) and/or the 
lower urinary tract (urinary urgency and dysuria). 
§Depo-Estradiol® is indicated for the treatment of hypoestrogenism due to hypogonadism. 
║Premarin® injection is indicated for abnormal uterine bleeding due to hormonal imbalance in the absence of specific pathology. 
¶ Premarin ® vaginal cream is indicated for atrophic vaginitis and kraurosis vulvae. 
#Enjuvia® is indicated for the treatment of moderate-to-severe vaginal dryness and pain with intercourse, symptoms of vulvar and vaginal atrophy, associated with menopause. 
**Menest® is indicated for female hypogonadism, female castration, or primary ovarian failure. 
††Menest® is indicated for prostatic carcinoma (palliative therapy of advanced disease). 
‡‡Indicated in women who have a uterus. 
§§Indicated in women who have an intact uterus. 
 
IV. Pharmacokinetics 
 
 The pharmacokinetic parameters for the estrogens are summarized in Table 4. 
 
Table 4.  Pharmacokinetic Parameters of the Estrogens31-65 

Drug Bioavailability/Absorption Protein Binding  Metabolism Excretion Half-Life (hours) 
Single Entity Agents 
Estradiol Oral: readily absorbed 

 
Topical: extent of absorption 
of daily application of 1 mg 

estradiol transdermal gel 
corresponds with 50 μg/24 

hours 
 

Transdermal patch: readily 
absorbed through the skin and 

37% to sex hormone-
binding globulin (SHBG), 

61% to albumin 

Oral route: Hepatic via oxidation and 
conjugation in gastrointestinal tract; 
hydroxylated via cytochrome P450 

(CYP) 3A4 to metabolites; first-pass 
effect 

 
Non-oral route: significant hepatic 

uptake, metabolism, and enterohepatic 
recycling; no first-pass metabolism 

Primarily in urine, as 
metabolites estrone 
and estriol; small 

amounts in the feces 

Oral: no data 
 

Topical gel: 36 
 

Transdermal: 4 
 

Intramuscular:  
1.5 to 5 
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Drug Bioavailability/Absorption Protein Binding  Metabolism Excretion Half-Life (hours) 
mucous membranes 

Estradiol 
acetate 

Oral: rapidly absorbed, area 
under the curve (AUC) was 
comparable in fed and fasted 

states 

Widely distributed in body, 
but higher concentrations 
are found in sex hormone 

target organs; largely bound 
to SHBG and to albumin 

Hydrolyzed in vivo to estradiol; 
estradiol is reversibly converted to 
estrone; both can be converted to 

estriol, the major urinary metabolite 

Urine (estradiol, 
estrone, and estriol 

along with 
glucuronide and 

sulfate conjugates) 

21 to 26 

Estradiol 
cypionate 

Single intramuscular injection: 
absorption is slow, occurring 

over several weeks 

Widely distributed in body, 
but higher concentrations 
are found in sex hormone 

target organs; largely bound 
to SHBG and to albumin 

(% not reported) 

Not subject to first-pass metabolism, 
but undergoes significant hepatic 

uptake, metabolism, and enterohepatic 
recycling; reversibly converted to 
estrone; both can be converted to 

estriol, the major urinary metabolite 

Urine (estradiol, 
estrone, estriol, and 

glucuronide and 
sulfate conjugates) 

Not reported 

Estradiol 
valerate 

Single intramuscular injection: 
absorption is slow, occurring 

over several weeks 

Widely distributed in body, 
but higher concentrations 
are found in sex hormone 

target organs; largely bound 
to SHBG and to albumin 

(% not reported) 

Reversibly converted to estrone; both 
can be converted to estriol, the major 

urinary metabolite 

Urine (estradiol, 
estrone, estriol, and 

glucuronide and 
sulfate conjugates) 

Not reported 

Estrogens, 
conjugated 
equine 

Intravenous, oral, topical: well 
absorbed from skin, mucous 

membranes, and gastro-
intestinal tract after release 
from the drug formulation 

SHBG and albumin 
(% not reported) 

Hepatic via CYP3A4; estradiol is 
converted to estrone and estriol; 

enterohepatic recirculation 

Urine (estradiol, 
estrone, estriol, and 

glucuronide and 
sulfate conjugates) 

10.9 to 50.7 

Estrogens, 
conjugated, 
synthetic A 
 

Oral: readily absorbed SHBG and albumin 
(% not reported) 

Mainly hepatic, undergoes 
enterohepatic recirculation 

Urine (estradiol, 
estrone, estriol, and 

glucuronide and 
sulfate conjugates) 

~ 10 

Estrogens, 
conjugated, 
synthetic B 

Oral: well absorbed from 
gastrointestinal tract 

Widely distributed in body, 
but higher concentrations 
are found in sex hormone 

target organs; largely bound 
to SHGB and to albumin 

(% not reported) 

Hepatic metabolism to estradiol; 
enterohepatic recirculation; estradiol is 
reversibly converted to estrone; both 
can be converted to estriol, the major 

urinary metabolite 

Urine (estradiol, 
estrone, estriol, and 

glucuronide and 
sulfate conjugates) 

11 to 14 ± 6 

Estrogens, 
esterified 

Oral: readily absorbed from 
gastrointestinal tract 

SHBG and albumin 
(% not reported) 

Rapid hepatic metabolism to estrone 
sulfate, conjugated and unconjugated 

metabolites; first-pass effect 

Urine (as unchanged 
drug and as 

glucuronide and 
sulfate conjugates) 

Not reported 

Estrone Not reported SHBG and albumin 
(% not reported) 

 

Rapidly metabolized in the liver and 
undergoes extensive first-pass 

metabolism to less active products such 
as estriol 

Urine Not reported 
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Drug Bioavailability/Absorption Protein Binding  Metabolism Excretion Half-Life (hours) 
Estropipate Oral: readily absorbed 

 
Topical: readily absorbed 

SHBG and albumin 
(% not reported) 

Rapidly metabolized and undergoes 
extensive first-pass metabolism; as a 
derivative of estrone, the drug is first 

metabolized to the less potent estrogen, 
estriol 

Urine Not reported 

Combination Products 
Estradiol and 
drospirenone 

Oral: mean absolute 
bioavailability is 76%-85% 

Drospirenone: 97% bound 
to serum proteins; does not 

bind to SHBG or 
corticosteroid binding 

globulin 
 

Estradiol: 37% bound to 
SHBG, 61% bound to 

albumin, 
1%-2% unbound 

Drospirenone: extensively metabolized 
in the liver; metabolites are not 

involved with CYP3A4 and are not 
pharmacologically active 

 
Estradiol: metabolized in the liver; 

reversibly converted to estrone; both 
can be converted to estriol, the major 

urinary metabolite 

Drospirenone: 38%-
47% in urine 

(glucuronide and 
sulfate conjugates); 
17%-20% in feces 
(glucuronide and 

sulfate conjugates) 
 

Urine (estradiol, 
estrone, estriol, and 

glucuronide and 
sulfate conjugates) 

Drospirenone: 36-42 
 

Estradiol:  
Not reported 

Estradiol and 
levonorgestre
l 

Topical: mean maximum 
estradiol concentrations in 2 to 

2.5 days 

Estradiol: widely distributed 
in body, but higher concen-

trations are found in sex 
hormone target organs; 

largely bound to SHGB and 
to albumin 

(% not reported) 
 

Levonorgestrel: bound to 
SHBG and albumin 

(% not reported) 

Estradiol: metabolized in the liver; 
reversibly converted to estrone; both 
can be converted to estriol, the major 

urinary metabolite 
 

Levonorgestrel: reduction of the ∆4- 
and the 3-oxo-group; hydroxylation and 
conjugation; ultimately is metabolized 

to circulating sulfates 

Urine (estradiol, 
estrone, estriol, and 

glucuronide and 
sulfate conjugates; 
and levonorgestrel 
and its metabolites) 

 
 

Estradiol:  
Not reported 

 
Levonorgestrel:  

28 ± 6.4 

Estradiol and 
norethindrone 

Estradiol: bioavailability of 
oral tablet compared to oral 

solution is 53% 
 

Norethindrone: bioavailability 
of oral tablet compared to oral 

solution is 100% 
 

Estradiol: (transdermal) 
largely bound to SHBG or 

albumin; (oral) 61% protein 
bound 

 
Norethindrone acetate: 61% 

protein bound 

Estradiol: hepatic metabolism through 
CYP3A4; enterohepatic recirculation 

 
Norethindrone acetate: hepatic 

metabolism to isomers of 5α-dihydro-
norethindrone, tetrahydro-

norethindrone 

Renally eliminated 
(sulfates or 
glucuronide 
conjugates) 

Estradiol (oral): 
12 to 14; estradiol 

(transdermal): 2 to 3; 
estrone (oral): 12.2 to 

4.6 
 

Norethindrone 
acetate (oral): 8 to 

11; (transdermal): 6 
to 8 

Estradiol and 
norgestimate 

Estradiol: reaches peak serum 
concentration at 

Estrogens: largely bound to 
SHBG and albumin 

Estradiol: hepatic metabolism through 
CYP3A4; enterohepatic recirculation 

Renally eliminated 
(estradiol) 

Estradiol: 16 
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Drug Bioavailability/Absorption Protein Binding  Metabolism Excretion Half-Life (hours) 
approximately 7 hours 

 
Norgestimate: primary 

metabolite reaches peak serum 
concentration at 

approximately 2 hours  

 
17-deacetyl-norgestimate: 

99% protein bound 

 
Norgestimate (prodrug): extensive first-

pass metabolism; 17-deacetyl-
norgestimate metabolite 

 
Feces and urine 
(norgestimate) 

17-deacetyl-
norgestimate: 37 

 

Estrogen, 
conjugated 
equine and 
medroxy-
progesterone 

Well absorbed from 
gastrointestinal tract 

Estrogen: largely bound to 
SHBG and albumin 

 
Medroxyprogesterone: 

approximately 90% protein 
bound 

Estrogen: metabolized in the liver; 
reversibly converted to estrone; both 
can be converted to estriol, the major 

urinary metabolite 
 

Medroxyprogesterone: hepatic 
metabolism 

Renally eliminated Estrone: 20.7 to 26.5; 
Equilin: 11.4 to 17.2 

 
Medroxyproges-

terone: 37.6 to 47.2 

Ethinyl 
estradiol and 
norethindrone 

Rapid absorption 
 

Absolute bioavailability of 
64% (norethindrone) and 55% 
(ethinyl estradiol); a high-fat 
meal decreases rate but not 

extent of absorption of ethinyl 
estradiol; food increases 

bioavailability of 
norethindrone acetate by 27% 

>95% plasma protein 
binding; norethindrone 
binds to albumin and 

SHBG; ethinyl estradiol 
binds to albumin and 

induces SHBG synthesis 
 

Ethinyl estradiol: metabolized by 
CYP3A4; metabolites are sulfate, 

glucuronide conjugates, and 2-hydroxy 
ethinyl estradiol 

 
Norethindrone acetate: extensive 
biotransformation; metabolized to 
sulfates, glucuronides, and ethinyl 

estradiol 

Metabolites 
eliminated as feces 
and through renal 

elimination 

Ethinyl estradiol: 24 
 

Norethindrone 
acetate: 13 
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V. Drug Interactions 
 

Clinically significant drug-drug interactions for the estrogens are noted in Table 5. 
 
Table 5.  Significant Drug-Drug Interactions with the Estrogens28 

Drugs Significance 
Level 

Interaction Mechanism 

Estrogens  
(conjugated estrogens, esterified 
estrogens, estradiol, estropipate, 
ethinyl estradiol)  
 
Estrogen combination products, 
progestins (norethindrone) 

1 Bosentan Bosentan induces CYP3A4 and CYP2C9 which 
may lead to a decrease in the effectiveness of 
estrogens. 

Estrogens  
(conjugated estrogens, esterified 
estrogens, estradiol, estrone, 
estropipate, ethinyl estradiol) 

2 Barbiturates 
(amobarbital, 
butabarbital, but-
albital, mepho-
barbital, pento-
barbital, pheno-
barbital, primidone, 
secobarbital) 

Barbiturates induce the hepatic microsomal 
enzymes and may increase the elimination of 
estrogens and decrease plasma concentrations. 

Estrogens  
(conjugated estrogens, esterified 
estrogens, estradiol, estrone, 
estropipate, ethinyl estradiol) 

2 Corticosteroids 
(hydrocortisone, 
prednisolone, 
prednisone) 

Estrogens inactivate the hepatic cytochrome P450 
which may result in an increase in the effects of 
corticosteroids. 

Estrogens 
(conjugated estrogens, esterified 
estrogens, estradiol, estrone, 
estropipate, ethinyl estradiol) 
 
Estrogen combination products, 
progestins (levonorgestrel) 

2 Hydantoins 
(ethotoin, 
mephenytoin, 
phenytoin) 

Hydantoins induce hepatic microsomal enzymes 
that may lead to increased metabolism of 
estrogens. Protein binding of phenytoin may be 
affected. Loss of seizure control may be caused by 
fluid retention. 

Estrogens  
(conjugated estrogen, esterified 
estrogens, estradiol, estrone, 
estropipate, ethinyl estradiol) 

2 Rifamycins 
(rifabutin, 
rifampin, 
rifapentine) 

Rifamycins induce the CYP3A4 enzymes; 
therefore, coadministration may reduce plasma 
concentrations of estrogens. This may result in a 
decrease of therapeutic effects and/or changes in 
the uterine bleeding profile. 

Estrogens 
(conjugated estrogens, esterified 
estrogens, estradiol, estropipate, 
ethinyl estradiol) 

2 Thyroid hormones 
(levothyroxine, 
liotrix, thyroid) 

Estrogens may increase serum thyroxine-binding 
globulin concentrations and therefore change 
serum thyroxine and thyrotropin concentrations. 
Thyroid hormone requirements may increase. 

Estrogens  
(conjugated estrogens, esterified 
estrogens, estradiol, estrone, 
estropipate, ethinyl estradiol) 

2 Topiramate  Topiramate may increase the metabolism of 
estrogens and therefore decrease their efficacy. 

Ethinyl estradiol 2 Modafinil  Modafinil may induce gastrointestinal (major) and 
hepatic (minor) metabolism of ethinyl estradiol 
and impair efficacy. 

Ethinyl estradiol 2 Protease inhibitors 
(nelfinavir, 
ritonavir) 

Estradiol may act as a substrate for P-glycoprotein 
(Pg), while some protease inhibitors may induce or 
inhibit Pg. (Nelfinavir may act as an inhibitor, 
while ritonavir may act as an inducer which may 
ultimately affect drug efficacy.) 

Significance Level 1= major severity 
Significance Level 2=moderate severity 
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VI. Adverse Drug Events  

 
The most common adverse reactions reported with the single entity estrogens and with combination estrogen products are listed in Table 6. The black box 
warning regarding the use of the estrogens is located in Table 7.  

 
Table 6.  Adverse Drug Events (%) Reported with the Estrogens28, 30-65 

Single Entity Estrogens Combination Estrogen Products Adverse Event 
Estradiol Estrogens, 

Conjugated 
Estrogens, 
Esterified 

Estropipate* Estradiol 
and 

Drospire-
none  

Estradiol 
and Levo-
norgestrel 

Estradiol 
and 

Norethin-
drone  

Estradiol 
and 

Norgestimate 

Estrogens, 
Conjugated 
Equine and 
Medroxy-

progesterone 

Estradiol 
and 

Norethin-
drone  

Cardiovascular 
Hypertension - - - - - 3.3 - - - - 
Central Nervous System 
Anxiety - <6 - - - - - - - - 
Depression a 28 a a a 5.7 3-5 5 6-11 - 
Dizziness - <14 - - a - - 5 3-5 - 
Emotional lability a - - - - - - - - 0-6 
Fatigue - - - - a - - 6 - - 
Headache a 11-68 a a 10 5.2 18-20 23 28-37 11-17 
Hypertonia - - - - - - - - 3-4 - 
Insomnia a 42 - - - - 3-6 - - 0-6 
Nervousness a 28 - - a - 3-5 - - - 
Dermatological 
Alopecia a 3 a a - - - - - - 
Application site 
reaction 

- - - - - 40.6 2-6 - - 17-24 

Pruritus - - - - - - - - 5-10 - 
Rash a 4 a a - 2.4 - - 4-6 - 
Endocrine and Metabolic 
Edema - - - - 2 3.8 - - 3-4 - 
Weight change a - a a - - - - - - 
Weight gain - - - - a 2.8 - - - 0-9 
Gastrointestinal 
Abdominal pain a 4-28 a a 11 4.2 6-7 12 16-23 - 
Diarrhea - - - - - - 4-5 - 5-6 - 
Dyspepsia - - - - - - 1-5 - 5-6 - 
Flatulence - - - - - 3.8 4-5 5 8-9 - 
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Single Entity Estrogens Combination Estrogen Products Adverse Event 
Estradiol Estrogens, 

Conjugated 
Estrogens, 
Esterified 

Estropipate* Estradiol 
and 

Drospire-
none  

Estradiol 
and Levo-
norgestrel 

Estradiol 
and 

Norethin-
drone  

Estradiol 
and 

Norgestimate 

Estrogens, 
Conjugated 
Equine and 
Medroxy-

progesterone 

Estradiol 
and 

Norethin-
drone  

Gastroenteritis a 7 a a - - - - - 0-6 
Nausea a <18 a a a - 8-11 6 9-11 3-11 
Tooth disorder - - - - - - - 5 - - 
Genitourinary 
Cervix disorder - - - - - - - - 4-5 - 
Dysmenorrhea a <8 a a a - 20-21 8 5-13 - 
Endometrial 
thickening 

- <19 - - - - - - - - 

Leukorrhea - - - - - - 5 - 5-9 - 
Menstrual disorder - - - - - - 6-12 - - - 
Metrorrhea a <14 a a - - - - - - 
Moniliasis genital - - - - - - - - - 0-6 
Ovarian cyst - - - - - - - - - 0-7 
Papanicolaou smear 
suspicious 

- - - - - - 4-8 - - - 

Urinary tract 
infection 

- - - - - 3.3 - - - - 

Uterine fibroid - - - - a - - - - 0-5 
Vaginal bleeding a <14 a a - - - - - - 
Vaginal 
bleeding/hemorrhage 

- - - - 9 36.8 - 9 1-3 5-11 

Vaginitis - - - - - 1.9 6-13 7 5-7 - 
Musculoskeletal 
Arthralgia - - - - - 4.2 - 9 7-9 - 
Asthenia - - - - - - 8-12 - 8-10 - 
Back pain a <14 - - 7 6.1 9-11 12 13-16 3-6 
Leg cramps - - - - - - - - 3-5 - 
Myalgia - - - - - - - 5 - - 
Respiratory 
Bronchitis - <7 - - - 4.2 - - - - 
Cough - - - - - - - 5 - - 
Pharyngitis - - - - - - 4-10 7 11-13 - 
Respiratory disorder - - - - - - 7-12 - - - 
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Single Entity Estrogens Combination Estrogen Products Adverse Event 
Estradiol Estrogens, 

Conjugated 
Estrogens, 
Esterified 

Estropipate* Estradiol 
and 

Drospire-
none  

Estradiol 
and Levo-
norgestrel 

Estradiol 
and 

Norethin-
drone  

Estradiol 
and 

Norgestimate 

Estrogens, 
Conjugated 
Equine and 
Medroxy-

progesterone 

Estradiol 
and 

Norethin-
drone  

Rhinitis - - - - - - 7-13 - 6-8 - 
Sinusitis a <7 - - 5 3.8 4-9 8 7-8 7-15 
Upper respiratory 
infection 

a <13 - - 19 13.2 - 21 - 10-18 

Other 
Accidental injury a - a - - 3.3 4-5 - 4-5 3-17 
Breast pain a <29 a a 19 18.9 25-31 16 32-38 - 
Flu syndrome/ 
influenza-like 
syndrome 

- - - - 7 4.7 5-9 11 10-13 - 

Infection a <14 - - - 3.3 - 6 (viral) 16-18 0-6 (viral) 
Pain - - - - 8 5.2 4-6 6 11-13 - 
Paresthesia - <33 - - - - - - - - 
Pelvic pain - - - - - - - - 4-5 - 
*The adverse event profile for estrone is similar to estropiate 
aPercent not specified 
- Event not reported or incidence <1% 
 
Table 7.  Black Box Warning with Estrogens11,31-40, 42-65 

WARNING 
ESTROGENS INCREASE THE RISK OF ENDOMETRIAL CANCER 
Close clinical surveillance of all women taking estrogens is important. Adequate diagnostic measures, including endometrial sampling when indicated, should be 
undertaken to rule out malignancy in all cases of undiagnosed persistent or recurring abnormal vaginal bleeding. There is no evidence that the use of “natural” estrogens 
results in a different endometrial risk profile than synthetic estrogens at equivalent estrogen doses. (See WARNINGS, Malignant neoplasms, Endometrial cancer.) 
CARDIOVASCULAR AND OTHER RISKS 
Estrogens with or without progestins should not be used for the prevention of cardiovascular disease or dementia. (See CLINICAL STUDIES and WARNINGS, 
Cardiovascular disorders and Dementia.) 
The estrogen alone substudy of the Women’s Health Initiative (WHI) reported increased risks of stroke and deep vein thrombosis (DVT) in postmenopausal women (50 to 
79 years of age) during 6.8 years and 7.1 years, respectively, of treatment with oral conjugated estrogens (CE 0.625 mg) alone per day, relative to placebo. (See 
CLINICAL STUDIES and WARNINGS, Cardiovascular disorders.) 
The estrogen-plus-progestin substudy of the WHI reported increased risks of myocardial infarction, stroke, invasive breast cancer, pulmonary emboli, and deep vein 
thrombosis in postmenopausal women (50 to 79 years of age) during 5.6 years of treatment with oral conjugated estrogens (CE 0.625 mg) combined with 
medroxyprogesterone acetate (MPA 2.5 mg) per day, relative to placebo. (See CLINICAL STUDIES, and WARNINGS, Cardiovascular disorders and Malignant 
neoplasms, Breast cancer.)  
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WARNING 
The Women’s Health Initiative Memory Study (WHIMS), a substudy of WHI study, reported increased risk of developing probable dementia in postmenopausal women 
65 years of age or older during 5.2 years of treatment with CE 0.625 mg alone and during 4 years of treatment with CE 0.625 mg combined with MPA 2.5 mg, relative to 
placebo. It is unknown whether this finding applies to younger postmenopausal women. (See CLINICAL STUDIES, WARNINGS, Dementia and PRECAUTIONS, 
Geriatric Use.) 
Other doses of conjugated estrogens and medroxyprogesterone acetate, and other combinations and dosage forms of estrogens and progestins, were not studied in the WHI 
clinical trials, and in the absence of comparable data, these risks should be assumed to be similar. Because of these risks, estrogens with or without progestins should be 
prescribed at the lowest effective doses and for the shortest duration consistent with treatment goals and risks for the individual woman. 
 
VII. Dosing and Administration 
 

For many patients the use of estrogen, alone or in combination with a progestin, should be limited to the lowest effective dose available and for the shortest 
duration consistent with treatment goals and risks for the individual woman. Patients should be reevaluated periodically as clinically appropriate (eg, 3-month 
to 6-month intervals) to determine if treatment is still necessary. The usual dosage regimens for the estrogens are noted in Table 8.  

 
Table 8.  Usual Dosing for the Estrogens31-65 

Drug Usual Adult Dose Availability 
Single Entity Agents  
Estradiol Androgen-dependent Prostate Cancer, Palliation:  

Oral: 10 mg 3 times/day for at least 3 months 
 
Breast Cancer, Palliation:  
Oral: 10 mg 3 times/day for at least 3 months 
 
Osteoporosis Prophylaxis:  
Oral: 0.5 mg/day in a cyclic* regimen of 3 weeks on and 1 week off 
Topical:  
0.014 mg patch applied once a week (Menostar®) 
0.025 mg/day patch once weekly and adjust dose as needed (Alora®, Climara®, Vivelle®, Vivelle-Dot®) 
0.05 mg patch applied twice weekly and adjust dose as needed (Estraderm®) 
 
Female Hypoestrogenism:  
Oral: 1-2 mg/day, titrate as necessary to control symptoms 
Topical:  
0.025 mg/day patch once weekly and adjust dose as needed (Climara®) 
0.05 mg patch twice weekly and adjust dose as needed (Alora®, Esclim®, Estraderm®, Vivelle-Dot®) 
0.0375 mg patch twice weekly (Vivelle®) 
 
Moderate-to-Severe Vasomotor Symptoms:  

Transdermal:  
0.025 mg/24 hours (Alora®) 
0.05 mg/24 hours (Alora®) 
0.075 mg/24 hours (Alora®) 
0.1 mg/24 hours (Alora®) 
 
Transdermal:  
0.025 mg/24 hours (Climara®) 
0.0375 mg/24 hours (Climara®) 
0.05 mg/24 hours (Climara®) 
0.06 mg/24 hours (Climara®) 
0.075 mg/24 hours (Climara®) 
0.1 mg/24 hours (Climara®) 
 
Gel: 
0.1% (Divigel®) 
0.06% (Elestrin®) 
0.06% (EstroGel®) 
 

Transdermal: 
0.025 mg/day (Esclim®) 
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Oral: 1-2 mg/day, adjust as necessary, in a cyclic* regimen of 3 weeks on and 1 week off  
Topical:  
3.84 g applied once daily in the morning (Estrasorb®) 
1.25 g/day (EstroGel®) 
0.1% gel applied at doses of 0.25, 0.5, and 1.0 g/day (Divigel®) 
0.06% gel applied using the lowest effective dose, 1 pump per day (0.87 g/day contains 0.52 mg of 
estradiol) (Elestrin®) 
0.01% cream: 2-4 g (marked on the applicator) daily for 1 or 2 weeks, then gradually reduced to one half 
initial dosage for a similar period; maintenance: 1 g, 1 to 3 times a week, may be used after restoration of 
the vaginal mucosa has been achieved 
Transdermal: 
0.025 mg/day patch once weekly and adjust dose as needed (Climara®) 
0.05 mg patch twice weekly and adjust dose as needed (Alora®, Estraderm®, Vivelle-Dot®) 
0.0375 mg patch twice weekly (Vivelle®) 
Initially, a 0.025 transdermal system may be applied to the skin twice weekly (Esclim®) 
 
Vulvar and Vaginal Atrophy:  
Oral: 1-2 mg/day, adjust as necessary, in a cyclic* regimen of 3 weeks on and 1 week off  
Topical:  
1.25 g/day (EstroGel®) 
2-4 g/day intravaginally for 2 weeks, then gradually reduce to one half the initial dose for 2 weeks, 
followed by a maintenance dose of 1 g 1-3 times/week (vaginal cream) 
Vaginal ring: 
2 mg intravaginally every 90 days (Estring®)  
Transdermal patch: 
0.025 mg/day patch once weekly and adjust dose as needed (Climara®) 
0.05 mg patch twice weekly and adjust dose as needed (Alora®, Estraderm®, Vivelle-Dot®) 
0.0375 mg patch twice weekly (Vivelle®) 
Initially, a 0.025 transdermal system may be applied to the skin twice weekly (Esclim®) 
 
Urogenital Symptoms:  
Vaginal ring: 2 mg intravaginally every 90 days (Estring®) 
 
Atrophic Vaginitis: 
Topical: Initial dose: one tablet, inserted vaginally, once daily for 2 weeks; maintenance dose: 1 tablet, 
inserted vaginally, twice weekly (Vagifem®) 

0.0375 mg/day (Esclim®) 
0.05 mg/day (Esclim®) 
0.075 mg/day (Esclim®) 
0.1 mg/day (Esclim®) 
 
Cream, vaginal:  
0.01% (Estrace®) 
 
Tablet, oral:  
0.5 mg (Estrace®†) 
1 mg (Estrace®†) 
2 mg (Estrace®†) 
 
Transdermal: 
0.05 mg/24 hours  (Estraderm®) 
0.1 mg/24 hours (Estraderm®) 
 
Emulsion, topical:  
0.05 mg/day (Estrasorb®) 
 
Ring, vaginal: 
2 mg (Estring®) 
 
Transdermal: 
0.014 mg/24 hours (Menostar®) 
 
Tablet, vaginal:  
25 μg (Vagifem®) 
 
Transdermal: 
0.025 mg/day (Vivelle®) 
0.0375 mg/day (Vivelle®) 
0.05 mg/day (Vivelle®) 
0.075 mg/day (Vivelle®) 
0.1 mg/day (Vivelle®) 
 
Transdermal: 
0.025 mg/day (Vivelle-Dot®) 
0.0375 mg/day (Vivelle-Dot®) 
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0.05 mg/day (Vivelle-Dot®) 
0.075 mg/day (Vivelle-Dot®) 
0.1 mg/day (Vivelle-Dot®) 

Estradiol acetate Moderate-to-Severe Vasomotor Symptoms:  
Vaginal ring: lowest effective dose intravaginally every 90 days (Femring®) 
Oral tablet: a single tablet to be taken once daily at the lowest effective dose (Femtrace®) 
 
Vulvar and Vaginal Atrophy: 
Vaginal ring: lowest effective dose intravaginally every 90 days (Femring®) 

Ring, vaginal:  
0.05 mg/day (Femring®) 
0.1 mg/day (Femring®) 
 
Tablet:  
0.45 mg (Femtrace®) 
0.9 mg (Femtrace®) 
1.8 mg (Femtrace®) 

Estradiol 
cypionate 

Moderate-to-Severe Vasomotor Symptoms: 
Intramuscular injection: short term, cyclic* use with a usual dosage range of 1-5 mg injected every 3 to 4 
weeks 
 
Hypoestrogenism Due to Hypogonadism: 
Intramuscular injection: 1.5 to 2 mg injected at monthly intervals 

Injection: 
5 mg/mL-5 mg estradiol cypionate  

Estradiol valerate Moderate-to-Severe Vasomotor Symptoms: 
Injection: 10-20 mg injected every 4 weeks 
 
Vulvar and Vaginal Atrophy: 
Injection: 10-20 mg injected every 4 weeks 
 
Female Hypoestrogenism Due to Hypogonadism, Castration, or Primary Ovarian Failure: 
Injection: 10-20 mg injected every 4 weeks 
 
Androgen-Dependent Prostate Cancer: 
Injection: 30 mg or more injected every 1 or 2 weeks  

Injection:  
10 mg/mL (5 mL) 
20 mg/mL (5 mL) 
40 mg/mL (5 mL)  

Estrogens, 
conjugated equine 

Androgen-Dependent Prostate Cancer, Palliation: 
Oral: 1.25 mg to two 1.25 mg tablets, taken 3 times daily 
 
Prevention of Osteoporosis:  
Oral, women should start at 0.3 mg daily. Therapy may be given continuously without interruption or in 
cyclical* regimens, such as 25 days on drug therapy followed by 5 days off of drug therapy. (Premarin® ) 
 
Moderate-to-Severe Vasomotor Symptoms: 
Oral: Generally, women should start at 0.3 mg daily. Therapy may be given continuously without 
interruption or in cyclical* regimens. (Premarin® ) 
 

Cream, vaginal:  
0.625 mg/g  
 
Injection powder for reconstitution:  
25 mg 
 
Tablet:  
0.3 mg 
0.45 mg 
0.625 mg 
0.9 mg 
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Vulvar and Vaginal Atrophy: 
Oral: Generally, women should start at 0.3 mg daily. Therapy may be given continuously without 
interruption or in cyclical* regimens. (Premarin®) 
Vaginal cream: intravaginal: 0.5-2 g/day given cyclically* 
 
Female Hypogonadism:  
Oral: 0.3-0.625 mg/day given cyclically* 
 
Female Castration, Primary Ovarian Failure:  
Oral: 1.25 mg/day given cyclically* 
 
Breast Cancer:  
Oral: 10 mg 3 times/day for at least 3 months 
 
Abnormal Uterine Bleeding Due to Hormonal Imbalance in the Absence of Organic Pathology: 
Injection: recommended dose is one 25 mg injection given intravenously or intramuscularly, repeating in 
6 to 12 hours if necessary 

1.25 mg 

Estrogens, 
conjugated, 
synthetic A 

Moderate-to-Severe Vasomotor Symptoms: 
Oral: initial, begin with 0.45 mg daily 
 
Vulvar and Vaginal Atrophy: 
Oral: 0.3 mg daily  

Tablet:  
0.3 mg 
0.45 mg 
0.625 mg 
0.9 mg 
1.25 mg 

Estrogens, 
conjugated, 
synthetic B 

Moderate-to-Severe Vasomotor Symptoms: 
Oral: 0.3-1.25 mg daily 
 
Vulvar and Vaginal Atrophy: 
Oral: 0.3 mg daily 

Tablet: 
0.3 mg 
0.45 mg 
0.625 mg 
1.25 mg  

Estrogens, 
esterified 

Prostate Cancer, Palliation:  
Oral: given chronically, 1.25-2.5 mg 3 times/day 
 
Female Hypogonadism:  
Oral: 2.5-7.5 mg of estrogen daily for 20 days followed by a 10-day rest period. If bleeding occurs before 
the end of the 10-day period, start an estrogen-progestin cyclic regimen of 2.5-7.5 mg esterified estrogens 
daily for 20 days. During the last 5 days of estrogen therapy, give an oral progestin. If bleeding occurs 
before regimen is concluded, discontinue therapy and resume on the fifth day of bleeding. 
 
Vasomotor Symptoms: 
Oral: 1.25 mg daily  

Tablet:  
0.3 mg 
0.625 mg 
1.25 mg 
2.5 mg 
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Moderate-to-severe symptoms of vulvar and vaginal atrophy: 
Oral: 0.3-1.25 mg or more daily; administer cyclically* 
 
Breast Cancer: 
Oral: 10 mg three times/day for at least 3 months 
 
Female Castration and Primary Ovarian Failure:  
Oral: 1.25 mg/day, cyclically*, and adjust dose as needed 

Estrone Vulvar Atrophy, Atrophic Vaginitis, or Symptoms of Menopause:  
Injection: Inject 0.1-0.5 mg intramuscularly two to three times a week, administered continuously each 
week or cyclically* during certain weeks of the month 
 
Female Hypogonadism or Failure or Removal of Both Ovaries: 
Injection: 0.1-1 mg weekly intramuscularly as a single dose or in divided doses, administered 
continuously each week or cyclically* during certain weeks of the month 

Injection:  
5 mg/mL 

Estropipate Moderate-to-Severe Vasomotor Symptoms: 
Oral: 0.75-6 mg estropipate daily 
 
Female Hypogonadism:  
Oral: 1.5-9 mg estropipate daily for the first 3 weeks, followed by a rest period of 8-10 days; repeat if 
bleeding does not occur by the end of the rest period 
 
Female Castration or Primary Ovarian Failure:  
Oral: 1.5-9 mg estropipate daily for the first 3 weeks, followed by a rest period of 8-10 days 
 
Osteoporosis Prophylaxis:  
Oral: 0.75 mg estropipate daily for 25 days of a 31-day cycle 
 
Moderate-to-Severe Symptoms of Vulvar and Vaginal Atrophy:  
Oral: 0.75-6 mg estropipate daily, cyclically* 

Tablet:  
0.75 mg estropipate (calculated as sodium 
estrone sulfate 0.625 mg) 
1.5 mg estropipate (calculated as sodium 
estrone sulfate 1.25 mg) 
3 mg estropipate (calculated as sodium 
estrone sulfate 2.5 mg) 
 

Estradiol and 
drospirenone 

Moderate-to-Severe Vasomotor Symptoms: 
Oral: 0.5 mg drospirenone and 1 mg estradiol daily  
 
Moderate-to-Severe Symptoms of Vulvar and Vaginal Atrophy: 
Oral: 0.5 mg drospirenone and 1 mg estradiol daily 

Tablet: 
1 mg estradiol and 0.5 mg drospirenone  

Estradiol and 
levonorgestrel 

Moderate-to-Severe Vasomotor Symptoms: 
Transdermal: 0.045 mg / 0.015 mg (22 cm2) matrix transdermal system worn continuously on the lower 
abdomen. Apply a new system weekly during a 28-day cycle.  

Transdermal: 
0.045 mg/day estradiol and 0.015 mg/day 
levonorgestrel; each 22 cm2 system contains
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Osteoporosis Prophylaxis: 
Transdermal: 0.045 mg / 0.015 mg (22 cm2) matrix transdermal system worn continuously on the lower 
abdomen. Apply a new system weekly during a 28-day cycle. 

4.40 mg of estradiol and 1.39 mg of 
levonorgestrel 

Estradiol and 
norethindrone 

Moderate-to-Severe Vasomotor Symptoms: 
Oral: 0.05-1 mg estradiol and 0.1- 0.5 mg norethindrone daily (Activella®) 
Transdermal, Therapeutic Regimen: use the lowest effective dose (Combipatch®) 
Transdermal, Continuous Combined Regimen: Apply 0.05 mg estradiol/0.14 mg norethindrone (NETA) 
per day (9 cm2) matrix transdermal system on the lower abdomen and wear continuously. A new system 
should be applied twice weekly during a 28-day cycle. (Combipatch®) 
Transdermal, Continuous Sequential Regimen: 0.05 mg per day (nominal delivery rate) estradiol 
transdermal system worn for the first 14 days of a 28-day cycle, replacing the system twice weekly. For 
the remaining 14 days of the 28-day cycle, 0.05 mg estradiol/0.14 mg NETA per day (9 cm2) transdermal 
system should be applied to the lower abdomen, replacing twice weekly. A dose of 0.05 mg estradiol 
/0.25 mg NETA (16 cm2 system) is available if a greater progestin dose is desired. (Combipatch®) 
 
Vulvar and Vaginal Atrophy: 
Oral: 1 mg estradiol and 0.5 mg norethindrone acetate daily (Activella®) 
Transdermal, Therapeutic Regimen: use the lowest effective dose (Combipatch®) 
Transdermal, Continuous Combined Regimen: apply 0.05 mg estradiol/0.14 mg NETA per day (9 sq cm) 
matrix transdermal system on the lower abdomen and wear continuously. A new system should be 
applied twice weekly during a 28-day cycle. (Combipatch®) 
Transdermal, Continuous Sequential Regimen: 0.05 mg per day (nominal delivery rate) estradiol 
transdermal system worn for the first 14 days of a 28-day cycle, replacing the system twice weekly. For 
the remaining 14 days of the 28-day cycle, 0.05 mg estradiol/0.14 mg NETA per day (9 cm2) transdermal 
system should be applied to the lower abdomen, replacing twice weekly. A dose of 0.05 mg estradiol 
/0.25 mg NETA (16 cm2 system) is available if a greater progestin dose is desired. (Combipatch®) 
 
Osteoporosis Prophylaxis: 
Oral: 1 mg estradiol and 0.5 mg norethindrone acetate daily (Activella®) 
 
Hypoestrogenism Due to Hypogonadism, Castration, or Primary Ovarian Failure: 
Transdermal: initial, start with the lowest effective dose (Combipatch®) 
Transdermal, Continuous Combined Regimen: Apply 0.05 mg estradiol/0.14 mg NETA per day (9 cm2) 
matrix transdermal system on the lower abdomen and wear continuously. A new system should be 
applied twice weekly during a 28-day cycle. (Combipatch®) 
Transdermal, Continuous Sequential Regimen: 0.05 mg per day (nominal delivery rate) estradiol trans-
dermal system worn for the first 14 days of a 28-day cycle, replacing the system twice weekly. For the 
remaining 14 days of the 28-day cycle, 0.05 mg estradiol/0.14 mg NETA per day (9 cm2) transdermal 

Tablet: 
1 mg estradiol and 0.5 mg norethindrone 
acetate (Activella®) 
0.5 mg of estradiol 
and 0.1 mg of norethindrone acetate 
(Activella®) 
 
Transdermal: 
0.05 mg estradiol with 0.14 mg NETA 
per day (9 cm2) (Combipatch®) 
0.05 mg estradiol with 0.25 mg NETA 
per day (16 cm2) (Combipatch) 
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system should be applied to the lower abdomen, replacing twice weekly. A dose of 0.05 mg estradiol/ 
0.25 mg NETA (16 cm2 system) is available if a greater progestin dose is desired. (Combipatch®) 

Estradiol and 
norgestimate 

Moderate-to-Severe Vasomotor Symptoms: 
Oral: 1 mg estradiol for 3 days followed by a single 1 mg estradiol/0.09 mg norgestimate for 3 days. 
Repeat continuously, without interruption. 
 
Vulvar and Vaginal Atrophy: 
Oral: 1 mg estradiol for 3 days followed by a single 1 mg estradiol/0.09 mg norgestimate for 3 days. 
Repeat continuously, without interruption. 
 
Osteoporosis Prophylaxis: 
Oral: 1 mg estradiol for 3 days followed by a single 1 mg estradiol/0.09 mg norgestimate for 3 days. 
Repeat continuously, without interruption. 

Tablet: 
1 mg estradiol and 1 mg estradiol/0.09 
mg norgestimate  

Estrogen, 
conjugated equine 
and medroxy-
progesterone 

Moderate-to-Severe Vasomotor Symptoms:  
Generally women should be started at 0.3 mg/1.5 mg daily (Prempro®) 
Oral: one tablet daily (Prempro®) 
Oral: 0.625 mg taken daily on days 1 through 14, then 0.625 mg conjugated estrogens and 5 mg MPA, 
taken on days 15 through 28 (Premphase®) 
 
Vulvar and Vaginal Atrophy: 
Generally women should be started at 0.3 mg/1.5 mg daily (Prempro®) 
Oral: 1 tablet daily (Prempro®) 
Oral: 0.625 mg taken daily on days 1 through 14, then 0.625 mg conjugated estrogens and 5 mg MPA, 
taken on days 15 through 28 (Premphase®) 
 
Osteoporosis Prophylaxis:  
Oral: one tablet daily (Prempro®) 
Oral: 0.625 mg taken daily on days 1 through 14, then 0.625 mg conjugated estrogens and 5 mg MPA, 
taken on days 15 through 28 (Premphase®) 

Tablet: 
0.3 mg of the 
conjugated estrogens (CE) / 1.5 mg of 
medroxyprogesterone acetate (MPA) 
(Prempro®) 
0.45 mg CE /1.5 mg MPA (Prempro®) 
0.625 mg CE / 2.5 mg MPA (Prempro®) 
0.625 mg CE / 5.0 mg MPA (Prempro®) 
0.625 mg of CE and 0.625 mg of CE / 5 
mg of MPA (Premphase®) 

Ethinyl estradiol 
and norethindrone 

Moderate-to-Severe Vasomotor Symptoms: 
Oral: 0.5 mg norethindrone and 2.5 μg ethinyl estradiol-1 mg norethindrone and 5 μg ethinyl estradiol 
daily 
 
Osteoporosis Prophylaxis:  
Oral: 0.5 mg norethindrone and 2.5 μg ethinyl estradiol-1 mg norethindrone and 5 μg ethinyl estradiol 
daily 

Tablet: 
0.5 mg norethindrone and 2.5 μg 
ethinyl estradiol 
1 mg norethindrone and 5 μg ethinyl 
estradiol  

*A cyclic regimen is defined as either 3 weeks on and 1 week off or 25 days on and 5 days off. 
†Estrace® the lowest effective dosage for the prophylaxis of osteoporosis has not been identified, no usual dosage listed in package insert.
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VIII. Effectiveness  
 

Clinical studies evaluating the safety and effectiveness of the single entity estrogens and combination estrogen products are outlined in Table 9. 
 
Table 9.  Comparative Clinical Trials Using the Estrogens 

Study  
and 

Drug Regimen 

Study Design 
and 

Demographics 

Sample 
Size 

and Study 
Duration 

End Points Results 

Comparative Trials of Estrogens vs Placebo   
WHI (estrogen only)9 
 
CEE 0.625 mg QD  
 
vs 
 
placebo 

DB, MC, PC, RCT 
 
Postmenopausal 
women, aged 50-
79 years, with 
prior hysterectomy 

N=10,739 
 

6.8 years (mean 
duration of follow-

up) 

Primary: 
Rate of CHD (nonfatal 
myocardial infarction or 
CHD death), invasive 
breast cancer  
 
Secondary: 
Stroke, pulmonary 
embolism, colorectal 
cancer, hip fracture, and 
deaths from other causes 

Primary: 
Treatment with CEE did not significantly affect the incidence of 
CHD or overall mortality. The estimated hazard ratio for CHD was 
0.91 (95% CI, 0.75 to 1.12), breast cancer was 0.77 (95% CI, 0.59 
to 1.01), and death was 1.04 (95% CI, 0.88 to 1.22). There was an 
estimated 7 fewer cases of breast cancer among the women treated 
with CEE compared to the women taking placebo, but that did not 
reach statistical significance.  
 
Secondary: 
Treatment with CEE increased the risk of stroke and reduced the 
risk of hip and other fractures. The estimated hazard ratio for breast 
cancer was 0.77 (95% CI, 0.59 to 1.01), stroke was 1.39 (95% CI, 
1.10 to 1.77), pulmonary embolism was 1.34 (95% CI, 0.87 to 
2.06), colorectal cancer was 1.08 (95% CI, 0.75 to 1.55), hip 
fracture was 0.61 (95% CI, 0.41 to 0.91), and global index was 1.01 
(95% CI, 0.91 to 1.12). Thus, there was an absolute excess risk of 
12 additional strokes per 10,000 person-years and an absolute risk 
reduction of 6 fewer hip fractures per 10,000 person-years.  

Stefanick et al (WHI)67 
 
CEE 0.625 mg  
 
vs 
 
placebo 

DB, MC, PC, RCT 
 
Postmenopausal 
women, aged 50-
79 years, with 
prior hysterectomy 

N=10,739 
 

7.1 years (mean 
duration of follow-

up) 

Primary: 
Breast cancer incidence, 
tumor characteristics, 
mammogram findings 
 
Secondary: 
Not reported 

Primary: 
Treatment with CEE did not increase the risk of breast cancer 
compared to placebo. The hazard ratio for invasive breast cancer 
was 0.80 (95% CI, 0.62 to 1.04; P=0.09) and 0.82 (95% CI, 0.65 to 
1.04; P=0.10) for total breast cancer. 
 
However, breast cancer that developed in patients who had received 
CEE was associated with larger tumor size (P=0.03) and higher 
percentage of positive nodes (P=0.07) compared to placebo. 
 
The risk of invasive breast cancer was significantly lower in women 
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Study  
and 

Drug Regimen 

Study Design 
and 

Demographics 

Sample 
Size 

and Study 
Duration 

End Points Results 

who had no prior hormone use. The hazard ratio was 0.65 (95% CI, 
0.46 to 0.92) for women with no prior hormone use and 1.02 (95% 
CI, 0.70 to 1.50) for women with prior hormone use (P=0.09). 
 
There were larger numbers of mammograms with abnormalities that 
required primarily short interval follow-ups in the CEE group 
compared to placebo (P<0.001). 
 
Secondary: 
Not reported 

Hsia et al(WHI)68 
 
CEE 0.625 mg QD 
 
vs 
 
placebo 

DB, MC, PC, RCT 
 
Postmenopausal 
women aged 50-
79 years at 
baseline, who had 
undergone prior 
hysterectomy 

N=10,739 
 

7.1 years (mean 
duration of follow-

up) 

Primary: 
CHD events (myocardial 
infarction or coronary 
death) 
 
Secondary: 
CABG or PCI, angina, 
hospitalized CHF, acute 
coronary syndrome 

Primary: 
There were 201 CHD events reported among the women assigned 
to estrogen treatment compared to 217 events in the placebo group 
(HR, 0.95; 95% CI, 0.79 to 1.16). 
 
The hazard ratio was 0.61 (95% CI, 0.25 to 1.50) for the 50-59 
years age group, 0.86 (95% CI, 0.60 to 1.25) for the 60-69 years age 
group, and 1.10 (95% CI, 0.69 to 1.73) for the 70-79 years of age 
group; P=0.35. 
 
There was no significant trend in risk of primary outcome over time 
(P=0.14). 
 
Secondary: 
Coronary revascularization was less frequent among the 50-59 
years age group that was assigned to estrogen treatment (HR, 0.55; 
95% CI, 0.35 to 0.86). Composite outcomes were less frequent with 
estrogen treatment in this age group (HR, 0.66; 95% CI, 0.45 to 
0.96). 
 
There were no differences in secondary coronary outcomes between 
treatment groups in the women 60-69 years of age or women 70-79 
years of age (no P value reported). 

WHIMS (Women’s 
Health Initiative Memory 
Study)69 

DB, MC, PC, RCT 
 
Postmenopausal 

N=2,808 
 

5.4 years 

Primary: 
Global cognitive function 
as measured by 3MSE 

Primary: 
The mean 3MSE scores were 0.26 units lower in the estrogen 
treatment group compared to placebo group (P=0.04).  



   

27 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Study  
and 

Drug Regimen 

Study Design 
and 

Demographics 

Sample 
Size 

and Study 
Duration 

End Points Results 

 
CEE 0.625 mg QD 
 
vs 
 
placebo 

women, aged 65-
79 years, with 
prior hysterectomy 

(mean follow-up 
duration) 

 
Secondary: 
Not reported 

 
In the group of women with lower cognitive function at baseline, 
there were significant decreases in 3MSE scores in the estrogen 
group compared with placebo (P<0.01). 
 
The relative risk of having a 10-unit decrease in 3MSE scores, or 
greater than 2 standard deviations below the mean, was estimated to 
be 1.47 (95% CI, 1.04 to 2.07). 
 
Secondary: 
Not reported 

Chen et al (Nurses’ 
Health Study)70 
 
Conjugated estrogens, 
with various doses but 
mostly 0.625 mg QD 
 
vs 
 
placebo 

PRO, cohort 
study, rolling 
enrollment 
 
Postmenopausal 
women who had a 
hysterectomy 

N=28,835 
 

20 years (mean 
duration not 
specified) 

Primary:  
Diagnosis of invasive 
breast cancer  
 
Secondary:  
Not reported 
 

Primary:  
The risk of invasive breast cancer was significantly elevated with 
longer durations of use (P<0.001). The relative risks for invasive 
breast cancer with unopposed estrogen use is 0.96 (95% CI, 0.75 to 
1.22) with less than 5 years of use, 0.90 (95% CI, 0.73 to 1.12) with 
5 to 9.9 years of use, 1.06 (95% CI, 0.87 to 1.30) with 10 to 14.9 
years of use, 1.18 (95% CI, 0.95 to 1.48) with 15 to 19.9 years of 
use, and 1.42 (95% CI, 1.13 to 1.77) with ≥20 years of use. 
 
The risk of estrogen receptor and progesterone receptor positive 
breast cancer was significantly higher after 15 or more years of 
unopposed estrogen use (P<0.001). 
 
Secondary:  
Not reported 

Jackson et al71 
 
CEE 0.625 mg daily  
 
vs 
 
placebo 
 
 

RCT 
 
Postmenopausal 
women 50-79 
years of age with 
hysterectomy  
 

N=10,739 
 

7.1 years 

Primary: 
Hip fractures and all other 
fractures 
 
Secondary: 
Not reported 
 

Primary: 
CEE reduced the risk of hip (HR, 0.65; 95% CI, 0.45 to 0.94), 
clinical vertebral (HR, 0.64; 95% CI, 0.44 to 0.93), wrist/lower arm 
(HR, 0.58; 95% CI, 0.47 to 0.72), and total fracture (HR, 0.71; 95% 
CI, 0.64 to 0.80). This reduction did not differ among strata 
according to age, oophorectomy status, past hormone use, 
race/ethnicity, fall frequency, physical activity, or fracture history.   
 
Total fracture reduction was lower in women at the lowest predicted 
fracture risk in both absolute and relative terms (HR, 0.86; 95% CI, 
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and 

Drug Regimen 

Study Design 
and 

Demographics 

Sample 
Size 

and Study 
Duration 

End Points Results 

0.68 to 1.08).  The hazard ratios of the global index for CEE were 
relatively balanced.  The summary of fracture is as follows: lowest 
risk: HR, 0.81; 95% CI, 0.62 to 1.05; midrisk: HR, 1.09; 95% CI, 
0.92 to 1.30; highest risk: HR, 1.04; 95% CI, 0.88 to 1.23; P=0.42). 
 
Secondary: 
Not reported 

Comparative Trials of Estrogens With Same Delivery Route  
Good et al72 
 
Transdermal estradiol 
patch (Alora®) 50 μg/day 
 
vs 
 
transdermal estradiol 
patch (Alora®) 100 
μg/day 
 
vs 
 
placebo 

DB, DD, PG, RCT 
 
Postmenopausal 
women age ≥21 
years if surgically 
menopausal or 
≥45 years if 
naturally 
menopausal, 
amenorrheic for 
≥6 months, 
experiencing ≥60 
moderate or severe 
hot flashes weekly 

N=273 
 

12 weeks 

Primary: 
Reduction in the frequency 
and severity of hot flashes 
 
Secondary: 
Changes in serum 
concentrations of estradiol, 
estrone, estrone sulfate, 
and FSH; improvements in 
vaginal cytology; global 
impressions; adverse 
events 

Primary: 
There was a significant reduction in the frequency of moderate-to-
severe hot flashes by week 3 of treatment with the 50 μg/day dose 
(P<0.02) and by week 2 of treatment with the 100 μg/day dose 
(P<0.001) compared with placebo. 
 
At the end of the study, there was a reduction in frequency of 
moderate-to-severe hot flashes by 86.6% with the 50 μg/day dose 
and by 92.5% with the 100 μg/day dose (no P values reported). 
 
48% of the 50 μg/day group and 68% of the 100 μg/day group did 
not experience any hot flashes by week 12 (no P values reported). 
 
Secondary: 
The changes in estradiol, estrone, and estrone sulfate were 
increased in a dose-dependent manner (no P values reported). 
 
Serum FSH levels were reduced in a dose-dependent manner (no P 
value reported). 
 
Both treatment groups showed improvement in vaginal cytology 
(no P value reported). 
 
Both treatment groups reported improvement in vaginal dryness, 
itching and dyspareunia. Greater improvement was reported with 
the 100 μg/day group (no P value reported). 
 
The median assessment scores showed patients and investigators 
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rated active treatment as good or excellent and placebo treatment as 
fair (no P values reported). 
 
The number of systemic adverse experiences was similar (71.4% of 
patients on active treatment and 73.6% of patients on placebo; no P 
value reported).  

Bowen et al73 
 
Transdermal estradiol 
patch (Alora®) 0.1 
mg/day  
 
vs 
 
transdermal estradiol 
patch (Estraderm®) 0.1 
mg/day  

OL, RCT, XO 
 
Postmenopausal 
women between 
35-65 years of age 

N=24 
 

30 days 
(11 days of 

treatment with first 
drug, then 7 days of 

washout interval, 
then crossover to 

second drug for 11 
days of treatment) 

Primary:  
Serum estradiol 
concentrations; fluctuation 
index (FI) defined as [Cmax 
– Cmin]/Cav 
 
Secondary: 
Monitoring metabolism of 
estradiol to estrone and 
estrone sulphate, local skin 
tolerability defined as 
application site reactions 
such as erythema and 
pruritus 

Primary: 
Peak estradiol levels were similar (127.1 for Alora® vs 128.6 for 
Estraderm®; P=0.5228). However, Alora® had fewer fluctuations in 
steady-state levels. Alora® had an FI of 0.970±0.226, while 
Estraderm® had an FI of 1.684±0.452 (P=0.0001). 
 
Secondary: 
The peak estrone levels (47.7 vs 36.4; no P value reported) and 
estrone sulphate levels (1,383.7 vs 1,085.9; no P value reported) 
were higher with Alora® than Estraderm®. 
 
There were fewer fluctuations in steady-state levels of estrone (FI 
of 0.955±0.338 vs 1.351±0.467; no P value reported) and estrone 
sulphate (FI of 1.031±0.386 vs 1.483±0.366; no P value reported) 
with Alora® than Estraderm®. 
 
The incidences of erythema (45.8% vs 25%; no P value reported) 
and pruritus (45.8% vs 29%; no P value reported) were higher in 
the Estraderm® group than in the Alora® group. 
 
There were no severe adverse events reported for either treatment. 

Ibarra de Palacios et al74 
 
Transdermal estradiol 
patch (Estradot®*) 50 
μg/day 
 
vs 
 
transdermal estradiol 

OL, RCT 
 
Healthy 
postmenopausal 
women 

N=100 
 

7 days 

Primary:  
Skin irritation and 
adhesion, estradiol 
delivery 
 
Secondary: 
Not reported 

Primary: 
The Estradot® group had lower erythema scores (no P value 
reported) and lower incidences of very slight erythema (P=0.0028) 
than the Climara® group. 
 
There was more adherence and fewer incidences of detachment 
with the Estradot® than with Climara® (not statistically significant, 
no P value reported). 
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patch (Climara®) 
50 μg/day 

Both transdermal patches had similar delivery of estradiol. 
 
Secondary: 
Not reported 

Archer et al75 
 
CEE 0.625 mg QD plus 
MPA 2.5 mg (Group A) 
or 5 mg (Group B) QD 
 
vs 
 
CEE 0.625 mg QD plus 
MPA 5 mg (Group C) or 
10 mg (Group D) QD on 
the last 14 days of each 
28 day cycle 
 
vs 
 
placebo QD (Group E) 

DB, MC, RCT 
 
Postmenopausal 
women 

N=1,724 
 

1 year 

Primary: 
Bleeding patterns 
 
Secondary: 
Not reported 

Primary: 
Amenorrhea occurred in 40% of the patients in Group A, 50% of 
the patients in Group B, 5% of the patients in Group C or D, and 
50% of the patients in Group E (no P values reported). 
 
Regular withdrawal bleeding or spotting occurred in 81.3% of 
Group C and 77.0% of Group D (no P values reported). There was 
no bleeding or spotting in 75.5% of Group E. 
 
Secondary: 
Not reported 

Archer et al76 

 
Transdermal estradiol 
(E2) 50 μg/day 
(Vivelle®) 
 
vs 
 
transdermal estradiol 50 
μg plus norethindrone 
acetate (NA) 140, 250, or 
400 μg/day 
(Combipatch®) 

DB, MC, RCT 
 
Postmenopausal 
women, aged 40-
70 years, with an 
intact uterus 

N=625 
 

1 year 

Primary: 
Incidences of endometrial 
hyperplasia, bleeding 
and/or spotting, vasomotor 
events 
 
Secondary: 
Not reported 

Primary: 
There were significantly fewer cases of endometrial hyperplasia in 
the E2-NAgroup than in the E2 group (P<0.001).  
 
There was a longer mean duration of irregular bleeding or spotting 
in the E2 group compared to the E2-NA group (no P value 
reported). 
 
There was a higher incidence of no uterine bleeding in the E2-NA 
group than in the E2 group (no P value reported). 
 
Similar reductions in mean number of hot flashes and intensity of 
sweating were observed with all treatment groups (no P value 
reported). 
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Secondary: 
Not reported 

Harrison et al77 

 
Transdermal estradiol 
patch (generic) 0.1 
mg/24 hours once 
weekly, applied to 
buttocks 
 
vs 
 
transdermal estradiol 
patch (Climara®) 0.1 
mg/24 hours once 
weekly, applied to 
buttocks 

OL, RCT, XO 
 
Postmenopausal 
women, 45 to 70 
years of age 

N=42 
 

7 days 

Primary: 
Estradiol, estrone, and 
estrone sulfate levels, 
application site irritation, 
patch adhesion 
 
Secondary: 
Not reported 

Primary: 
The Cmax levels for the two treatments were outside the interval of 
0.80 and 1.25, suggesting nonbioequivalence when the patches are 
applied to the buttocks. 
 
Treatment with the generic estradiol patch vs Climara® resulted in 
more application site reactions (19.5% vs 2.4%; no P value 
reported) and skin irritations (3 incidences of moderate erythema 
with generic patch vs 1 incidence of intense erythema with 
Climara®; P=0.039). Both patches resulted in a score of 0 or no 
visible reaction by day 5 of treatment.  
 
Higher incidences of detachment (3 vs 1; no P value reported) and 
patch lifting (22 vs 6; no P value reported) were reported with the 
generic patch vs Climara®. Thus, the odds ratio for detachment or 
lifting of the patch was 6.95 (P<0.001) for the generic estradiol 
patch compared to Climara®. 
 
Secondary: 
Not reported 

Pornel et al78 
 
Transdermal estradiol 
patch (Menorest®†) 50 
μg/24 hours twice 
weekly 
 
vs 
 
transdermal estradiol 
patch (Estraderm®) 50 
μg/24 hours twice 
weekly 
 

MC, OL, PG, RCT 
 
Postmenopausal 
women with 
moderate-to-
severe vasomotor 
symptoms, aged 
39-64 years 

N=205 
 

12 weeks 

Primary: 
Mean number of hot 
flashes per day, severity of 
menopausal symptoms, 
erythema and pruritus at 
application sites 
 
Secondary: 
Not reported 

Primary: 
Both treatments resulted in significant improvement in number of 
hot flashes per day at week 12 (P=0.005). There was no statistically 
significant difference in mean number of hot flashes between 
treatment groups at week 12 (no P value reported). 
 
Both treatments showed improvement in the severity of sweats, 
sleep disturbances, urogenital symptoms, and depression (no P 
value reported). 
 
There were less topical adverse events, such as erythema and 
pruritus, in the Menorest® group compared with the Estraderm® 
group, which did not reach statistical significance (P=0.15). 
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Secondary: 
Not reported 

Toole et al79 

 
Transdermal estradiol 
patch (Estradot®*) 50 
μg/24 hours 
 
vs 
 
transdermal estradiol 
patch (Menorest®†) 50 
μg/24 hours 
 
 

OL, RCT 
 
Healthy 
postmenopausal 
women, aged 40-
70 years 

N=208 
 

5 weeks 
 

Primary: 
Skin irritation as measured 
by erythema 
 
Secondary: 
Skin reaction, patch 
adherence, adhesive 
residue and sensitization 

Primary: 
There was significantly less skin irritation with Estradot® than 
Menorest® (P=0.0001). 
 
Secondary: 
There were more skin reactions with Menorest® than Estradot® 
(2.40% vs 0.48%; no P value reported). 
 
There was a higher number of patches that detached in the 
Menorest® group compared to Estradot® group (P=0.0253). 
 
There was a significantly higher percentage of patients with residue 
in the Menorest® than Estradot® group (10.10% vs 1.92%; 
P<0.0001). 
 
There were no differences between groups in sensitization (no P 
value reported). 

Erianne et al80 

 
Menorest®† matrix 
(without drug) twice 
weekly 
 
vs 
 
Estraderm® matrix 
(without drug) twice 
weekly 

MC, OL 
 
Normal healthy 
females over the 
age of 40 years 

N=275 
 

21 days 

Primary:  
Skin irritation, pruritus (by 
direct questioning), and 
adhesion 
 
Secondary: 
Not reported 

Primary: 
There were fewer incidences of skin irritation with Estraderm® 
compared with Menorest® (11.9% vs 15.9% on the buttocks; no P 
value reported and 13.7% vs 18.6% on the abdomen; no P value 
reported). 
 
There were fewer incidences of pruritus with Estraderm® compared 
with Menorest® (92.5% vs 95.9% on the buttocks; no P value 
reported and 88.7% vs 96.3% on the abdomen; no P value 
reported). 
 
There were similar percentages of patches that were fully adhered 
to the buttocks application sites during treatment for both groups 
(no P values reported). There were more patches fully adhered to 
the abdomen application sites with the Menorest® group compared 
to the Estraderm® group (88.7% vs 75.8%; no P value reported). 
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Secondary: 
Not reported 

Andersson et al81 

 
Transdermal estradiol 
patch (Menorest®†) 50 
μg/24 hours twice 
weekly 
 
vs 
 
transdermal estradiol 
(Climara®) 50 μg/24 
hours once weekly 

OL, RCT, XO 
 
Healthy 
postmenopausal 
women 

N=20 
 

8 weeks 

Primary: 
Bioavailability, 
pharmacokinetics, 
tolerability 
 
Secondary: 
Not reported 

Primary: 
There were no differences between the groups in AUC, Cmax, Cmin, 
average concentrations, or fluctuations (no P values reported). 
 
There were 3 cases of erythema with Menorest® and 21 cases of 
skin reactions in 15 subjects treated with Climara® (no P values 
reported). 
 
There were 8 systemic adverse events in 8 subjects treated with 
Menorest® and 13 systemic adverse events in 10 subjects treated 
with Climara® (no P values reported). 
 
Secondary: 
Not reported 

Suckling et al82 

 
RCTs comparing intra-
vaginal estrogenic 
preparations for the 
treatment of symptoms 
resulting from vaginal 
atrophy or vaginitis in 
postmenopausal women 
 
Interventions included: 
intra-vaginal estrogen 
(creams, tablets, 
pessaries, and an 
estradiol-releasing ring) 

MA 
 
Postmenopausal 
women 

N=4,162 
 

Data extraction 
performed on 19 

RCTs 
 

RCTs were at least 
3 months duration 

Primary: 
Efficacy (improvement in 
vaginal atrophy measured 
both objectively and 
subjectively), safety 
(assessment of 
endometrial stimulations, 
breast pain) and 
acceptability (measures of 
withdrawal, adherence, 
acceptability of treatment 
to women) 
 
Secondary: 
Not reported 

Primary: 
The estradiol ring showed an improvement of pruritus (two RCTs; 
OR, 2.71; 95% CI, 1.66 to 4.43) when compared to estrogen cream. 
In the ring versus tablets trials, there were significant improvements 
in the tablet group for vaginal dryness (two RCTs; OR, 0.40; 95% 
CI, 0.24 to 0.64), dyspareunia (two RCTs; OR, 0.53; 95% CI, 0.36 
to 0.78), and frequency (two RCTs; OR, 0.63; 95% CI, 0.41 to 
0.95). Compared to the cream group, the tablet group showed an 
improvement for vaginal dryness (one RCT; OR, 7.00; 95% CI, 
1.64 to 29.85). 
 
The estradiol ring versus placebo ring showed an improvement for 
freedom of symptoms of dyspareunia (one RCT; OR, 12.67; 95% 
CI, 3.23 to 49.67). The estrogen tablets versus placebo showed an 
improvement for burning and itching symptoms (two RCTs; OR, 
0.15; 95% CI, 0.10 to 0.20) and dyspareunia (two RCTs; OR, 0.17; 
95% CI, 0.12 to 0.23). An improvement in vaginal dryness was 
seen in the vaginal tablet group when compared to placebo (three 
RCTs; OR, 0.08; 95% CI, 0.06 to 0.10). 
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There were no significant differences between groups (estradiol 
ring versus estrogen cream, estradiol ring versus estrogen tablets, 
estriol tablets versus placebo) for the following outcomes: dysuria, 
nocturia, urgency, urge incontinence, participant symptom 
improvement in dryness, urge incontinence, soreness and irritation, 
loss of sexual desire and vaginitis.  
 
Significant findings for the relief of vaginal atrophy favored the 
cream, ring, and tablets when compared to placebo. 
 
One trial showed significant adverse effects (including uterine 
bleeding, breast pain and perineal pain) of CEE cream compared to 
estradiol tablets (OR, 0.18; 95% CI, 0.07 to 0.50). Two trials 
showed endometrial overstimulation with CEE cream compared to 
the ring (OR, 0.29; 95% CI, 0.11 to 0.78). 
 
Secondary: 
Not reported 

Comparative Trials of Estrogens With Different Delivery Routes  
Yang et al83 

 
Oestrogel® gel (1.25 g 
daily; 2.5 g daily; 5.0 g 
daily) 
 
vs 
 
control (Estriol 
[Ovestin®] 2 mg/day) 
 
All women received 
calcium carbonate, 500 
mg/day of elemental 
calcium. 
 
 

PRO 
 
Postmenopausal 
women 

N=82 
 

1 year 
 
 
 
 

Primary: 
BMD evaluated by 1 
quantitative computed 
tomography (QCT) at 
baseline (before 
treatment), then at 6-
month intervals  
 
Secondary: 
Not reported 

Primary: 
At 12-month posttreatment of Oestrogel® versus estriol 2 mg/day, 
Oestrogel® showed the following BMD changes at the respected 
doses: 1.25 g/day showed BMD change of 4.82%; P=0.017; 2.5 
g/day BMD change of 2.72%; P=0.226; and 5.0 g/day BMD change 
of 8.69%; P=0.051). 
 
At 6 months, all Oestrogel® groups showed significant increases in 
lumbar spine BMD after treatment (P<0.05), except for the 
Oestrogel® gel 1.25 g/day group (P=0.232).  
 
Secondary: 
Not reported 
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Polvani et al84 
 
Oral CEE, dose not 
specified 
 
vs 
 
transdermal estradiol, 
dose not specified 

MC, RCT 
 
Postmenopausal 
women 

N=460 
 

6 months 

Primary: 
Menopausal symptoms, 
bleeding 
 
Secondary: 
Not reported 

Primary: 
There were similar improvements in menopausal symptoms and 
similar effects on the endometrium with both treatments. 
 
The quality and duration of bleeding were considered more 
physiological in the transdermal group than in the oral group (no P 
value reported). 
 
The transdermal estradiol group showed better compliance and 
fewer dropouts (no P value reported). 
 
Secondary: 
Not reported 

Cortellaro et al85 
 
Transdermal estradiol 
0.05 mg/day 
 
vs 
 
CEE 0.625 mg orally QD 
 
Both groups in 
combination with MPA 
10 mg QD on the last 8 
days of each cycle 

OL, RCT 
 
Postmenopausal 
women 

N=45 
 

4 months 

Primary: 
Menopausal symptoms, 
lipid profile, serum 
estradiol levels 
 
Secondary: 
Not reported 

Primary: 
Both treatments provided similar relief in postmenopausal 
symptoms (no P value reported). 
 
Both treatments resulted in similar reductions in serum total 
cholesterol and LDL cholesterol (no P value reported). There was a 
significant decrease in serum triglyceride levels with the 
transdermal estradiol treatment only (no P value reported). 
 
There were no differences between treatment groups in plasma 
calcium and phosphorus levels or clotting factors (no P value 
reported). 
 
Only transdermal estradiol resulted in early follicular-phase plasma 
estradiol levels. 
 
Secondary: 
Not reported 

Pattison et al86 
 
Transdermal estradiol 
patch 50 μg/24 hours 
 

DB, XO 
 
Postmenopausal 
women 

N=25 
 

Duration not 
specified 

Primary: 
Menopausal symptoms, 
vaginal cytology, 
gonadotrophin levels, 
urinary calcium levels, 

Primary: 
Both treatments improved menopausal symptoms and vaginal 
cytology (no P values reported). 
 
Both treatments lowered gonadotrophin levels and urinary calcium 
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vs 
 
ethinyl estradiol 20 μg 
orally QD 

menstrual pattern, hepatic 
proteins 
 
Secondary: 
Not reported 

loss (no P values reported). 
 
Transdermal estradiol did not have an effect on hepatic function, 
while oral ethinyl estradiol had adverse effects on hepatic proteins 
(sex-hormone-binding globulin, plasma renin substrate, and 
lipoproteins). 
 
Secondary: 
Not reported 

Hirvonen et al87 

 
Estradiol plus MPA, 
dose not specified 
 
vs 
 
estradiol plus 
levonorgestrel (LNG), 
dose not specified 
 
vs 
 
estradiol valerate 2 mg 
daily 

DB, XO 
 
Postmenopausal 
women 

N=36 
 

Duration not 
specified 

Primary: 
Menopausal symptoms, 
lipid profile, bleeding 
episodes 
 
Secondary: 
Not reported 

Primary: 
There were no differences in relief of menopausal symptoms 
between treatment groups (no P values reported). 
 
Women on the estradiol/MPA treatment significantly improved the 
atherogenic index, which is the LDL cholesterol to HDL cholesterol 
ratio (no P value reported). Women on the estradiol/LNG treatment 
showed deterioration in the atherogenic index (no P value reported). 
 
There was more withdrawal bleeding in the estrogen plus progestin 
group than in the unopposed estrogen group (78% vs 22%; no P 
value reported). 
 
Secondary: 
Not reported 

Place et al88 

 
Oral CEE (Premarin®) 
0.625 mg or 1.25 mg QD 
 
vs 
 
transdermal 17β-
estradiol (Estraderm®) 
0.1 mg/day 

DB, MC, PG, 
RCT 
 
Postmenopausal 
women whose 
symptoms were 
satisfactorily 
controlled with 
CEE 

N=124 
 

Duration not 
specified 

Primary: 
Menopausal symptoms, 
adverse effects 
 
Secondary: 
Not reported 

Primary: 
There were no significant differences between the treatment groups 
in hot flashes, other postmenopausal symptoms such as sweating, 
insomnia, headache, vaginal symptoms, urinary urgency, global 
assessment scores or estrogen-related side effects (no P value 
reported). 
 
There were minor topical reactions reported with the transdermal 
estradiol for about 20% of the study period. 
 
Secondary: 
Not reported 



   

37 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Study  
and 

Drug Regimen 

Study Design 
and 

Demographics 

Sample 
Size 

and Study 
Duration 

End Points Results 

Al-Azzawi et al89 

 
Estradiol acetate vaginal 
ring (Menoring®‡) that 
releases 50 μg/day of 
estradiol plus placebo 
oral tablet QD 
 
vs 
 
oral estradiol 1 mg QD 
plus placebo vaginal ring 

DB, MC, PG, 
PRO, RCT 
 
Healthy 
postmenopausal 
women, <65 years, 
with moderate-to-
severe vasomotor 
symptoms 
(defined as ≥20 
hot flashes/night 
sweats per week) 

N=159 
 

24 weeks 

Primary: 
Hot flashes, night sweats, 
urogenital symptoms, 
adverse events 
 
Secondary: 
Not reported 

Primary: 
Both treatments resulted in significant improvement in hot flashes 
and night sweats at 12 and 24 weeks from baseline (no P values 
reported). 
 
Reduction in urogenital symptoms was seen with both treatments 
(no P values reported). 
 
Both groups reported similar incidences of adverse events, 
including local effects. 
 
Secondary: 
Not reported 

Nachtigall90 

 
Estradiol vaginal ring 
that releases 7.5 μg/24 
hours of estradiol 
 
vs 
 
conjugated estrogen 
vaginal cream, 2 g three 
times a week 

MC, OL, PG, RCT 
 
Postmenopausal 
women with 
estrogen-
deficiency-derived 
atrophic vaginitis 

N=196 
 

15 weeks 

Primary: 
Urogenital atrophy/ 
symptoms, physicians’ and 
patients’ assessment of 
symptoms 
 
Secondary: 
Frequency of endometrial 
over stimulation as 
determined by 
progestogen challenge test 
after treatment period 

Primary: 
The vaginal ring and creams produced similar improvements in 
vaginal dryness, vaginal burning, dyspareunia, and vaginal pH (no 
P values reported). 
 
Physicians’ and patients’ assessment of both treatments were 
similar (no P values reported). 
 
Secondary: 
More patients treated with the cream demonstrated signs of 
endometrial proliferation or hyperplasia than with the ring (10% vs 
5%; no P value reported). 
 
There were more episodes of bleeding with the progestogen 
challenge test in the vaginal cream group than the vaginal ring 
group (no P values reported). 

Hilditch et al91 

 
Oral CEE (Premarin®) 
0.625 mg QD 
 
vs 
 

DB, RCT 
 
Women 2-7 years 
after menopause, 
with intact uterus 
and ovaries, not 
currently on HT, 

N=74 
 

112 days (four 28-
day cycles) 

Primary: 
QOL, determined using 
the Menopause-Specific 
QOL Questionnaire 
 
Secondary: 
Not reported 

Primary: 
There were significant improvements in QOL scores, but no 
differences between treatment groups were observed in scores for 
vasomotor, physical, psychosocial, or sexual domains (P>0.05). 
 
There was a significant improvement from baseline to 10 weeks in 
scores for vasomotor and physical domains (P<0.001), while 
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transdermal estradiol-
17β (Estraderm®) 50 μg 
twice weekly 
 
Both groups in 
combination with oral 
MPA (Provera®) 10 mg 
QD for the last 12 days 
of each cycle 

and on average 
severely 
symptomatic 

changes from 10 weeks to 14 weeks were not statistically 
significant (no P value reported).  
 
There was significant improvement from baseline to 6 weeks in 
scores for psychosocial and sexual domains (P<0.01), while 
changes from 6 weeks to the end of study were not statistically 
significant (no P value reported). 
 
Secondary: 
Not reported 

Blanc et al92 

 
Percutaneous 17β-
estradiol gel 1.5 mg/day 
(Group A) 
 
vs 
 
transdermal 17β-
estradiol patch 50 μg/day 
(Group B) 
 
vs 
 
oral estradiol valerate 2 
mg QD (Group C) 
 
All groups in 
combination with a 
progestin, nomegestrol 
acetate 2.5 mg QD 

MC, OL, PRO, 
RCT 
 
Postmenopausal 
women, mean age 
of 54.9 ± 0.6 years 

N=54 
 

168 days (six 28-
day cycles) 

Primary: 
Rate of amenorrhea 
 
Secondary: 
Climacteric symptoms 

Primary: 
The amenorrhea rates after one month of treatment were 67% to 
83% for Group A, 25% to 56% for Group B, and 53% to 61% for 
Group C, which were significantly different between groups for the 
fourth (P=0.008) and fifth (P=0.003) treatment cycles.  
 
The overall rate of cycles with no bleeding was 78% for Group A, 
48% for Group B, and 60% for Group C (P=0.001). 
 
Secondary: 
There were no significant differences between groups in relief of 
climacteric symptoms by the end of the third cycle (no P value 
reported). 
 

Polatti et al93 

 
Oral estradiol valerate 
(EV) 2 mg QD for 21 
days plus cyproterone 

PRO, RCT 
 
Postmenopausal 
women with and 
without uterine 

N=240 
 

2 years 

Primary: 
Risk of uterine myoma 
onset or progression 
 
Secondary: 

Primary: 
Among the patients without uterine myomas at baseline, 5% of the 
transdermal E2-MPA group developed new onset of myomas while 
no new cases of uterine myomas were reported in the oral EV-CA 
group (P<0.01). 
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acetate (CA) 1 mg QD 
for 21 days of each 28-
day cycle  
 
vs 
 
transdermal estradiol 
(E2) 50 μg for 21 days 
plus MPA 10 mg orally 
QD for 10 days of each 
28-day cycle  

myomas Not reported  
Among the patients with uterine myomas at baseline, treatment with 
transdermal E2-MPA resulted in a mean increase in myoma 
volumes of 25.3% compared with initial volume of myoma 
(P<0.01). On the contrary, treatment with oral EV-CA resulted in 
no significant changes in myoma volumes (no P value reported). 
 
Secondary: 
Not reported 

Jarvinen et al94 

 
Transdermal estradiol 
patch (Evorel®‡) 50 
μg/24 hours 
 
vs 
 
transdermal estradiol gel 
(Divigel®) 1.0 mg 

OL, RCT, XO 
 
Healthy 
postmenopausal 
women 

N=24 
 

18 days 

Primary: 
Estradiol levels 
 
Secondary: 
Not reported 

Primary: 
There were no significant differences in peak estradiol levels (Cmax) 
or area under the time-concentration curve (AUC) between groups 
(no P value reported). 
 
Estradiol levels fluctuated more with the patch. The total coefficient 
of variability for AUC was 39% for the patch versus 35% for the 
gel (no P value reported). 
 
Secondary: 
Not reported 

Nelson et al95 

 
Oral CEE 
 
vs 
 
oral 17β-estradiol 
 
vs 
 
transdermal 17β-
estradiol 

MA 
 
Postmenopausal 
women with hot 
flashes 

N=32 trials 
 

Duration varied 

Primary: 
Efficacy as measured by 
relief of hot flashes, 
adverse effects 
 
Secondary: 
Not reported 

Primary: 
The numbers of hot flashes per week were significantly reduced 
with all forms of estrogen compared with placebo (no P values 
reported). Treatment with oral CEE resulted in a mean change in 
the number of hot flashes per week of –19.1 (95% CI, –33.0 to  
–5.1). Treatment with oral 17β-estradiol group resulted in a mean 
change of –16.8 (95% CI, –23.4 to –10.2). Treatment with 
transdermal 17β-estradiol group resulted in a mean change of –22.4 
(95% CI, –35.9 to –10.4). There was no significant difference 
between the agents in treatment of menopausal hot flashes (no P 
values reported). 
 
The estrogen agents showed similar short-term adverse effects. 
Breast tenderness and atypical vaginal bleeding were the most 
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frequently reported adverse effects. 
 
Secondary: 
Not reported 

Studd et al96 
 
Transdermal estradiol 
patch (Menorest®†) 50 
μg/24 hours twice 
weekly plus 
dydrogesterone 20 mg 
for 12 days of every 28-
day cycle 
 
vs 
 
CEE (Premarin®) 0.625 
mg orally QD plus 
dydrogesterone 20 mg 
for 12 days of every 28-
day cycle 
 
 

DB, DD, MC, PG, 
RCT 
 
Postmenopausal 
women aged 40-
65, with moderate-
to-severe 
vasomotor 
symptoms 
(defined as ≥21 
hot flashes per 
week) 

N=214 
 

12 weeks 

Primary: 
Number of hot flashes per 
day 
 
Secondary: 
Other menopausal 
symptoms, severity of hot 
flashes, global assessment, 
and hormone levels 

Primary: 
The number of daily hot flashes decreased significantly in both 
treatment groups compared with baseline (7.14 to 0.92 in the 
Menorest® group and 6.66 to 0.54 in the Premarin® group); no P 
value reported. No statistically significant difference was observed 
between the two treatment groups at 12 weeks (P=0.36). 
 
Secondary: 
Menopausal symptoms significantly improved in both treatment 
groups, with 98% of the patients reporting no severe vasomotor 
symptoms at 12 weeks (no P value reported). There was no 
statistically significant difference in menopausal symptoms 
improvements between the groups (no P value reported). 
 
There was no statistically significant difference in global 
assessment scores between groups as reported by the investigator 
(P=0.63) or the patient (P=0.71). 
 
There was no significant difference between the groups in mean 
plasma estradiol (P=0.37) or estrone (P=0.56) levels at 
posttreatment. The mean estradiol to estrone ratio was similar in 
both groups (0.72 for Menorest® and 0.70 for Premarin®; no P 
value reported). 
 
The number of severe adverse events was similar in both groups 
(7% for Menorest® and 9% for Premarin®; no P value reported). 

Good et al97 
 
Transdermal estradiol 
patch (Alora®) 0.05 
mg/day administered 
twice weekly 

DB, DD, PG, RCT 
 
Highly 
symptomatic 
postmenopausal 
women 

N=321 
 

12 weeks 

Primary: 
Frequency and severity of 
hot flashes 
 
Secondary: 
Not reported 

Primary: 
There were no significant differences in the frequency of hot flashes 
or the frequency of moderate-to-severe hot flashes between the 
Alora® 0.05 mg/day and CEE 0.625 mg groups or Alora® 0.1 
mg/day and CEE 1.25 mg groups at week 12 (no P values reported). 
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vs 
 
transdermal estradiol 
patch (Alora®) 0.1 
mg/day administered 
twice weekly 
 
vs 
 
CEE 0.625 mg QD  
 
vs  
 
CEE 1.25 mg QD 

There were no significant differences in vaginal cytology, breast 
tenderness, and unexpected vaginal bleeding between the 
transdermal and oral estrogen groups (no P values reported). 
However, there was a lower incidence of bleeding in the Alora® 
0.05 mg/day group (no P value reported). 
 
Secondary: 
Not reported 
 

Chetkowski et al98 
 
Transdermal estradiol 
25, 50, 100, or 200 μg 
per 24 hours 
 
vs 
 
oral conjugated estrogens 
0.625 or 1.25 mg QD 

Dose-response 
study 
 
Postmenopausal 
women 

N=23 
 

Duration not 
specified 

Primary:  
Levels of estradiol and 
estrone, renin substrate, 
sex hormone-binding 
globulin, thyroxine-
binding globulin, cortisol-
binding globulin, 
lipoproteins 
 
Secondary: 
Not reported 

Primary: 
Transdermal estradiol increased levels of circulating estradiol and 
estrone, while oral estrogens increased levels of estrone (no P 
values reported). 
 
There were significant increases in circulating levels of renin 
substrate, sex hormone-binding globulin, thyroxine-binding 
globulin, and cortisol-binding globulin with the oral estrogens, but 
there was no effect with transdermal estradiol (no P values 
reported). 
 
The oral estrogens at higher doses showed significant improvement 
in the concentrations of LDL and HDL, while transdermal estradiol 
did not (no P values reported). 
 
Secondary: 
Not reported 

Manonai et al99 
 
Estradiol vaginal tablet 
25 μg 

RCT 
 
Postmenopausal 
women 

N=53 
 

12 weeks 

Primary: 
Urogenital symptoms, 
vaginal health index, 
vaginal cytology, 

Primary: 
There was improvement from baseline to 4 weeks of treatment with 
both groups in urogenital symptoms, vaginal health index, and 
vaginal cytology. 
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vs 
 
conjugated estrogen 
cream 1 g 

 endometrial thickness, 
estradiol level 
 
Secondary: 
Not reported 

 
There were significant improvements in vaginal dryness and 
dyspareunia with the conjugated estrogen cream compared to 
vaginal tablet (no P values reported). 
 
Secondary: 
Not reported 

Slater et al100 
 
Oral micronized estradiol 
1 mg QD for 16 months 
 
vs  
 
transdermal estradiol 
patch 0.05 mg/day or 0.1 
mg/day, changed twice 
weekly for 9 months 
 
vs 
 
placebo for 9 months 

RETRO 
 
Healthy 
postmenopausal 
women 

N=33 
 

9-16 months 

Primary: 
Serum estrone sulfate 
levels 
 
Secondary: 
Not reported 

Primary: 
There were higher levels of serum estrone sulfate after long-term 
treatment with oral estradiol than transdermal estradiol. The serum 
estrone sulfate levels were 38.8 ng/mL at 15 months for oral 
estradiol, 1.8 ng/mL at 9 months for transdermal estradiol 0.05 
mg/day, and 3.2 ng/mL at 9 months for transdermal estradiol 0.1 
mg/day (no P values reported).  
 
The increase in serum estrone sulfate level was only significant in 
the oral estradiol group when compared to baseline (P<0.01). 
 
Secondary: 
Not reported 

Pornel101 
 
Transdermal estradiol 
patch (Menorest®†) 50 
μg/24 hours 
 
vs  
 
CEE (Premarin®) 0.625 
mg/day (Study 1) or 
transdermal estradiol 
patch (Estraderm®) 50 
μg/24 hours (Study 2) 
 

DB, PG, RCT 
(Study 1); OL, PG 
(Study 2) 
 
Postmenopausal 
women 

N=214 (Study 1) 
N=205 (Study 2) 

 
Duration not 

specified 

Primary: 
Hot flashes and other 
menopausal symptoms, 
serum estradiol, lipid 
profile, adverse events 
 
Secondary: 
Not reported 

Primary: 
There were improvements in menopausal symptoms with all 
treatment groups (no P values reported). 
 
There were no significant differences in serum estradiol levels or 
systemic adverse events between treatment groups (no P values 
reported). 
 
There were small reductions in cholesterol in both studies (no P 
values reported). 
 
Menorest® was better tolerated and had a lower incidence of 
erythema, and pruritus (no P values reported). 
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Secondary: 
Not reported 

Ayton et al102 

 
Estradiol vaginal ring 
(Estring®) 
 
vs 
 
CEE vaginal cream 
(Premarin®), 1 g (0.625 
mg of CEE) 

MC, OL, PG, RCT 
 
Postmenopausal 
women with 
symptoms and 
signs of urogenital 
atrophy 

N=194 
 

12 weeks 

Primary: 
Urogenital symptoms 
 
Secondary: 
Patient preference 

Primary: 
No significant difference was noted between treatment groups in 
improvement of vaginal dryness and dyspareunia, resolution of 
atrophic signs, vaginal mucosal maturation indices, and vaginal pH 
(no P values reported). 
 
No significant difference was noted between treatment groups in 
incidences of intercurrent bleeding episodes (no P value reported). 
 
Secondary: 
The vaginal ring was significantly preferred and accepted by more  
patients than the vaginal cream (P<0.0001). 

Studd et al103 
 
Transdermal estradiol 
patch (Menorest®†) 50 
μg/24 hours twice 
weekly  
 
vs 
 
CEE (Premarin®) 0.625 
mg orally QD  
 
Both groups in 
combination with 
dydrogesterone 20 mg 
orally for the last 12 days 
of each 28 day cycle 

RCT 
 
Postmenopausal 
women 

N=32 
 

1 year 

Primary: 
Menopausal symptoms, 
bone loss prevention as 
measured by bone mineral 
density 
 
Secondary: 
Not reported 

Primary: 
Both treatments resulted in similar relief of menopausal symptoms 
(vasomotor, psychological, and urogenital symptoms) and reduction 
of hot flashes (no P values reported). 
 
Both treatments resulted in similar lumbar spine and hip 
densitometry results (no P value reported). 
 
Both treatments resulted in similar incidences of adverse events (no 
P value reported). 
 
Secondary: 
Not reported 

Gordon et al104 
 
Study 1: 
Estradiol patch 0.05 or 
0.1 mg/day changed once 

RCT 
 
Healthy 
postmenopausal 
women with hot 

N=24 
 

18 days 

Primary: 
Frequency and severity of 
hot flashes, subjects’ and 
investigators’ global 
assessment of treatment 

Primary: 
There were significant improvements from baseline in frequency 
and severity of hot flashes and higher global assessment scores with 
all treatments in both studies (no P values reported). 
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weekly 
 
vs 
 
placebo 
 
 
Study 2: 
Estradiol patch 0.05 or 
0.1 mg/day changed once 
weekly 
 
vs 
 
CEE 0.625 mg orally QD 

flashes  
Secondary: 
Not reported 

In Study 2, there was more improvement that did not reach 
statistical significance in hot flashes with the estradiol patch 0.1 
mg/day than with CEE and less improvement with estradiol patch 
0.05 mg/day than with CEE (no P values reported). 
 
The patches were generally well tolerated. 
 
Secondary: 
Not reported 

Trials of Combination Estrogen Products 
Hulley, Grady et al105; 
HERS31  
 
CEE 0.625 mg plus 
MPA 2.5 mg, in one 
tablet, QD 
 
vs 
 
placebo 

DB, MC, PC, RCT 
 
Postmenopausal 
women with 
established 
coronary disease, 
younger than 80 
years of age (mean 
age was 66.7 
years), with an 
intact uterus  

N=2,763 
 

4.1 years (average 
follow-up duration) 

Primary: 
Occurrence of nonfatal MI 
or CHD death 
 
Secondary: 
Coronary 
revascularization, unstable 
angina, congestive heart 
failure, resuscitated 
cardiac arrest, stroke or 
transient ischemic attack, 
peripheral arterial disease, 
and all-cause mortality, 
fractures, cancers, 
thromboembolic events, 
gallbladder disease 

Primary: 
There were no significant differences between groups in 
occurrences of MI or CHD death (HR, 0.99; 95% CI, 0.80 to 1.22).  
 
There were more CHD events in the hormone-treated group 
compared with placebo in the first year of treatment and fewer 
events in years 4 and 5. The hazard ratio was 1.52 in year 1, 1.00 in 
year 2, 0.87 in year 3, and 0.67 in years 4 and 5 (P=0.009). 
 
Secondary: 
There were no significant differences between groups in the rates of 
fractures (P=0.59 to 0.82), cancers (P=0.33 to 0.60), and total 
mortality (P=0.56). 
 
There were more of the following outcomes in the hormone group 
compared with the placebo group: venous thromboembolic events 
(P=0.002), deep vein thromboses (P=0.004), pulmonary emboli 
(P=0.08), and gallbladder diseases (P=0.05). 
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Hulley, Furberg et al106; 
HERS II32 
 
CEE 0.625 mg QD plus 
MPA 2.5 mg QD 
 
vs 
 
placebo 
 

DB, PC, RCT 
followed by OL, 
OS 
 
Postmenopausal 
women with 
coronary disease 
and average age of 
67 years at 
enrollment in 
study 

N=2,321 
 

4.1 years (HERS) 
followed by 2.7 

years of open-label 
observational study 

(HERS II) 

Primary:  
Thromboembolic events, 
biliary tract surgery, 
cancer, fracture, total 
mortality 
 
Secondary: 
Not reported 

 

Primary:  
The percentages of patients that reported >80% adherence to 
hormone therapy were 81%, 78%, 74%, 67%, 50%, and 45% for 
years 1 through 6, respectively. 
 
HT was associated with a significant increase in the incidence of 
deep vein thrombosis compared with placebo (4.5 events per 1,000 
person-years vs 2.2; P=0.02). 
 
HT was associated with a significant increase in the incidence of 
pulmonary embolism compared with placebo (2.0 events per 1,000 
person-years vs 0.7; P=0.03). 
 
The incidence of biliary tract surgery was significantly increased 
with HT compared with placebo (19.1 events per 1,000 person-
years vs 12.9; P=0.005). 
 
The rate of cancer was 19% higher in the HT group than in the 
placebo group, but did not reach statistical significance (P=0.08 to 
0.48). 
 
There were no significant differences in the rates of fractures or 
death between the groups (P>0.05 for both). 
 
Secondary: 
Not reported 

Grady et al (HERSII)10 
 
CEE 0.625 mg plus 
MPA 2.5 mg QD 
 
vs 
 
placebo for HERS trial, 
followed by hormone 
therapy prescribed at 

DB, MC, PC, RCT 
(HERS trial), 
followed by 
unblinded study 
(HERS II trial) 
 
Postmenopausal 
women with CHD, 
average age of 67 
years at 

N=2,763 
 

6.8 years (4.1 years 
for HERS, then 2.7 
years of follow-up 

for HERS II) 

Primary: 
Nonfatal MI and CHD 
death 
 
Secondary: 
Coronary 
revascularization, 
hospitalization for 
unstable angina or 
congestive heart failure, 

Primary: 
There were no significant differences in the rates of CHD events 
between groups. The hazard ratio was 0.99 (95% CI, 0.81 to 1.22) 
in HERS, 1.00 (95% CI, 0.77 to 1.29) in HERS II, and 0.99 (95% 
CI, 0.84 to 1.17) overall. 
 
There were no significant differences between groups for nonfatal 
MI (P>0.05). 
 
Secondary: 
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personal physicians’ 
discretion for HERS II 
study 

enrollment nonfatal ventricular 
arrhythmia, sudden death, 
stroke or transient 
ischemic attack, and 
peripheral arterial disease 

There were no significant differences between groups for any of the 
secondary cardiovascular outcomes (P>0.05 for all) with the 
exception of higher incidence of nonfatal ventricular arrhythmia in 
the hormone group compared to the placebo group (HR, 3.30; 95% 
CI, 1.08 to 10.1).  
 
There was no trend of lower risk for CHD events with longer 
duration of hormone therapy (P=0.18) during the follow-up period 
of HERS II. 

Maki et al107 
 
CEE 0.625 mg plus 
MPA 2.5 mg daily QD  
 
vs 
 
placebo daily QD 
 
Treatments were given 
for 4 months.  

DB, MC, PC, RCT 
 
Generally healthy, 
postmenopausal 
women with an 
intact uterus 

N=158 
 

22 months 

Primary:  
Change from baseline of 
memory, attention, and 
subjective cognition 
 
Secondary:  
Change from baseline at 
month 4 on additional 
measures of cognitive 
function, emotional status, 
sexuality, and sleep 

Primary:  
Except for an increase in sexual thoughts and sexual interest with 
HT (P=0.10 and P=0.006, respectively), there were no significant 
differences on any cognitive or quality of life measures. 
 
Secondary:  
Compared to placebo, symptomatic women in the HT group 
showed an improvement in vasomotor symptoms (P=0.001). 
Specific data was not provided; however, when compared to 
baseline and placebo, HT was associated with an improvement in 
both the incidence and severity of vasomotor symptoms. 

Manson et al (WHI)108 
 
CEE 0.625 mg QD plus 
MPA 2.5 mg, in one 
tablet, QD 
 
vs 
 
placebo 
 

Randomized 
primary-
prevention trial  
 
Postmenopausal 
women, 50-79 
years of age at 
baseline 

N=16,608 
 

5.2 years (planned 
duration was 8.5 

years) 

Primary:  
CHD (nonfatal myocardial 
infarction or death due to 
CHD) 
 
Secondary: 
Not reported 

Primary:  
Hormone therapy was associated with an increase in the risk of 
CHD. The risk of CHD was highest after the first year of hormone 
use, with a hazard ratio of 1.81 (95% CI, 1.09 to 3.01).  
 
There was a trend toward a decreasing risk of CHD over time with 
hormone use, which was statistically significant. The hazard ratio 
for CHD was 1.34 (95% CI, 0.821 to 2.18) after 2 years of hormone 
therapy, 1.27 (95% CI, 0.64 to 2.50) after 3 years, 1.25 (95% CI, 
0.74 to 2.12) after 4 years, 1.45 (95% CI, 0.81 to 2.59) after 5 years, 
and 0.70 (95% CI, 0.42 to 1.14) after 6 years or longer. 
 
Secondary: 
Not reported 
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WHI Writing Group8 
 
CEE 0.625 mg plus 
MPA 2.5 mg, in one 
tablet, QD 
 
vs 
 
placebo 

DB, MC, PC, RCT 
 
Healthy 
postmenopausal 
women, aged 50-
79 years with an 
intact uterus  

N=16,608 
 

5.2 years (mean 
follow-up duration) 

Primary: 
CHD (nonfatal myocardial 
infarction and CHD 
death), invasive breast 
cancer  
 
Secondary: 
Stroke, pulmonary 
embolism , endometrial 
cancer, colorectal cancer, 
hip fracture, and death due 
to other causes 

Primary: 
The estimated hazard ratio for CHD was 1.29 (95% CI, 1.02 to 
1.63) and breast cancer was 1.26 (95% CI, 1.00 to 1.59). 
 
Thus, there were absolute excess risk of an additional 7 CHD events 
and 8 invasive breast cancers per 10,000 person-years of treatment 
with CEE plus MPA.  
 
Secondary: 
The estimated hazard ratio for stroke was 1.41 (95% CI, 1.07 to 
1.85), pulmonary embolism was 2.13 (95% CI, 1.39 to 3.25), 
colorectal cancer was 0.63 (95% CI, 0.43 to 0.92), endometrial 
cancer was 0.83 (95% CI, 0.47 to 1.47), hip fracture was 0.66 (95% 
CI, 0.45 to 0.98), and death due to other causes was 0.92 (95% CI, 
0.74 to 1.14).  
 
Thus, there were absolute excess risks of an additional 8 strokes and 
8 pulmonary embolisms per 10,000 person-years of treatment with 
CEE plus MPA. There were absolute risk reductions of 6 fewer 
colorectal cancers and 5 fewer hip fractures per 10,000 person-years 
of treatment with HT. 

Reeves et al109 
 
Estrogen dose not 
specified 
 
vs 
 
estrogen plus 
progesterone dose not 
specified 
 
vs 
 
tribolone 
 

ES, OS 
 
Postmenopausal 
women registered 
with incident 
breast  

N=14,102 
registered with 
incident breast 

cancer 
 

2.7 years (mean 
time for all women 

from date of last 
contact to end of 

follow-up) 

Primary: 
Incidence of breast cancer 
and risk of breast cancer  
 
Secondary: 
Not reported 
 
 
 

Primary: 
14,102 breast cancers were diagnosed and 11,869 (86%) were 
invasive. 
 
The relative risks of invasive breast cancer in current users 
compared with never users of HT varied according to tumor 
histology overall (P<0.0001), for users of estrogen-only therapy 
(P=0.0001), and for users of estrogen-progesterone therapy 
(P<0.0001).  
 
Relative risks for both estrogen-only and estrogen- progesterone 
therapy were greatest for invasive lobular, mixed ductal-lobular and 
lobular cancer. These risks were generally higher in current users of 
combined HT compared with estrogen-only therapy.  
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vs 
 
non estrogen therapy 
 
 

At estimated duration of use of <5 years, 5-9 years, and >10 years, 
estrogen-only therapy was associated with a lower relative risk of 
invasive ductal, lobular, and tubular breast cancer when compared 
to estrogen plus progesterone therapy.  
 
Secondary: 
Not reported 

Rossouw et al110 
 
CEE 0.625 mg/day or 
placebo (women post 
hysterectomy) 
 

  OR 
 
CEE 0.625 mg/day plus 
MPA 2.5 mg/day or 
placebo 
(women without 
hysterectomy) 
 

DB, MC, PC, RCT 
 
Healthy 
postmenopausal 
women, aged 50-
79 years based on 
hysterectomy 
status 

N=27,347 
 

5.2 years (mean 
follow-up duration 

Primary:  
CHD (nonfatal myocardial 
infarction, CHD death, or 
silent myocardial 
infarction) and stroke, 
mortality and a global 
index for trial monitoring 
 
Secondary: 
Not reported 

Primary: 
In women with less than 10 years since the start of menopause, the 

HR for CHD was 0.76 (95% CI, 0.50 to 1.16); with 10 to 19 years, 
1.10 (95% CI, 0.84 to 1.45); and 20 or more years, 1.28 (95% CI, 
1.03 to 1.58) (P=0.02). In women of 50 to 59 years of age, the HR 
for CHD was 0.93 (95% CI, 0.65 to 1.33). Hormone therapy 
increased the risk of stroke (HR, 1.32; 95% CI, 1.12 to 1.56), but 
risk did not vary significantly by age or time since menopause.  
 
The effects of hormone therapy on total mortality favored younger 
women (HR of 0.70 for 50 to 59 years; 1.05 for 60 to 69 years, and 
1.14 for 70 to 79 years; P=0.06).  
 
Secondary: 
Not reported 

Saltpeter et al111 
 
RCTs compared HT to 
placebo or no HT and 
provided extractable data 
on identified metabolic, 
inflammatory or 
thrombotic components 
 
Interventions included: 
conjugated equine 
estrogen, oral esterified 
estrogens or transdermal 
estrogen, alone or in 

MA 
 
Pooled results of 
107 trials with 
postmenopausal 
women  
published between 
April 1966 and 
October 2004 
 

N=33,315 
 

1.5 years (mean 
trial duration; range 

0.15-5 years) 
 
 
 

Primary: 
Net treatment effects for 
each analysis were pooled 
using random effects 
model, subgroup analysis 
evaluated the effects of 
transdermal and oral 
treatment and treatment in 
diabetic and nondiabetic 
women 
 
Secondary: 
Not reported 

Primary: 
Subgroup analyses showed that oral agents produced greater 
reductions in LDL/HDL (–17.4%; 95% CI, –20.0 to –14.9) than 
transdermal agents (–8.4%; 95% CI, –13.8 to –2.8); P=0.004 for 
interaction. Conjugated estrogens produced greater reductions  
(–22.4%; 95% CI, –25.6 to –19.1) than oral esterified estrogens  
(–11.3%; 95% CI, –13.2 to –9.4); P<0.0001. Unopposed estrogens 
and combined HT produced similar results. 
 
Only conjugated estrogens reduced blood pressure (–2.2%; 95% CI,  
–4.1 to –0.3), while transdermal agents (–0.8%; 95% CI, –3.3 to  
–1.6) and oral esterified estrogens (–1.3%; 95% CI, –3.1 to –0.5) 
did not have significant effects. 
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combination with a 
progestin 
 
Control groups included: 
placebo, calcium 
supplementation, or no 
treatment 

In women without diabetes, HT reduced abdominal fat (–6.8%; 
95% CI, –11.8 to –1.9), HOMA-IR (–12.9%; 95% CI, –17.1 to –
8.6) and new-onset diabetes (relative risk 0.7 (95% CI, 0.6 to 0.9). 
Subgroup analyses showed no significant difference in calculated 
insulin resistance (HOMA-IR) between transdermal agents and oral 
agents, conjugated and esterified estrogens, or unopposed and 
combined treatment.  
 
In women with diabetes, HT reduced fasting glucose (–11.5%; 95% 
CI, –18.0 to –5.1), HOMA-IR (–35.8%; 95% CI, –51.7 to –19.8), 
low-density lipoprotein/high-density lipoprotein cholesterol ratio  
(–15.7%; 95% CI, –18.0 to –13.5), lipoprotein(a) (–25.0%; 95% CI, 
–32.9 to –17.1), mean blood pressure (–1.7%; 95% CI, –2.9 to –
0.5), E-selectin (–17.3%; 95% CI, –22.4 to –12.1), fibrinogen (–
5.5%; 95% CI, –7.8 to –3.2) and plasminogen activator inhibitor-1 
(–25.1%; 95% CI, –33.6 to –15.5). 
 
Secondary: 
Not reported 

Chlebowski et al 
(WHI)112 
 
  
CEE 0.625 mg plus 
MPA 2.5 mg, in one 
tablet, QD 
 
vs 
 
placebo 

DB, MC, PC, RCT 
 
Postmenopausal 
women aged 50-
79 years, with an 
intact uterus 

N=16,608 
 

5.2 years (mean 
follow-up duration) 

 
 

Primary: 
Breast cancer number and 
characteristics, frequency 
of abnormal mammograms 
 
Secondary: 
Not reported 

Primary: 
There were more cases of total (HR, 1.24; P<0.001) and invasive 
(HR, 1.24; P=0.003) breast cancer in the hormone-treated group 
than in the placebo group. 
 
Invasive breast cancers in the hormone-treated group compared to 
placebo group were larger (P=0.04), more likely to be node positive 
(P=0.03), and diagnosed at a significantly more advanced stage 
(P=0.04). 
 
There was a higher percentage of abnormal mammograms in the 
hormone-treated group than in the placebo group after the first year 
in all age groups (P<0.001) and in women aged 50-59 years 
(P<0.001) as well.  
 
Secondary: 
Not reported 
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Hays et al (WHI)113 
 
CEE 0.625 mg plus 
MPA 2.5 mg, in one 
tablet, QD 
 
vs 
 
placebo 

DB, MC, PC, RCT 
 
Postmenopausal 
women 50-79 
years of age, with 
an intact uterus 

N=16,608 (at 
baseline and at one 

year) 
N=1,511 (for 

subgroup analysis 
at three years) 

 
3 years 

Primary: 
Quality of life measures 
that included functional 
status, depression score, 
sleep quality, sexual 
functioning, cognitive 
functioning, and 
menopausal symptoms 
 
Secondary: 
Not reported 

Primary: 
There were significant improvement with hormone therapy 
compared to placebo from baseline to year one in sleep quality 
(P<0.001), physical functioning (P<0.001), and bodily pain 
(P<0.001). 
 
Among the 574 women 50 to 54 years of age with moderate-to-
severe vasomotor symptoms at baseline, hormone therapy at year 1 
was associated with significant improvement in sleep (P=0.02) 
only. All other changes in quality-of-life scores from baseline to 
year 1 were nonsignificant (P>0.05 for all). 
 
There were no clinically significant effects on health-related quality 
of life measures at three years of treatment with hormone therapy 
(P>0.05 for all measures).  
 
Secondary: 
Not reported 

Shumaker et al114 
 
CEE 0.625 mg plus 
MPA 2.5 mg 
 
vs  
 
placebo 

RCT 
 
Women aged 65 
years or older, 
with an intact 
uterus, free of 
probable dementia 

N=4,532 
 

5 years 

Primary:  
Incidence of probable 
dementia 

 
Secondary:  
Incidence of mild 
cognitive impairment 

 

Primary:  
The rate of probable dementia in the estrogen plus progestin group 
was significantly higher than in the placebo group (HR, 2.05; 95% 
CI, 1.21 to 3.48; 45 vs 22 per 10,000 person-years; P=0.01). 
 
Secondary:  
There was no significant difference in the rate of mild cognitive 
impairment between the treatment and placebo groups (HR, 1.07; 
95% CI, 0.74 to 1.55; 63 vs 59; P=0.72). 

Van de Weijer et al115 
 
17β-estradiol 50, 75, or 
100 μg/24 hours for 2 
weeks followed by 17β-
estradiol/levo-norgestrel 
(50/10, 75/15, or 100/20 
μg/24 hours) for 2 weeks 
of each month 

MC, RCT, XO 
 
Postmenopausal 
women 

N=468 
 

1 year 

Primary: 
Bleeding patterns 
 
Secondary: 
Not reported 

Primary: 
Higher frequencies of cyclic bleeds, intermittent bleeding, and 
mean duration of cyclic bleeding were reported with higher dosages 
of estradiol/levonorgestrel (no P value reported). 
 
Recurrence of cyclic bleeds was acceptable for 90% of the subjects. 
 
Secondary: 
Not reported 
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Sanada et al116 
 
CEE 0.625 mg QD plus 
MPA 2.5 mg QD 
 
vs 
 
transdermal estradiol 
plus MPA 2.5 mg QD 

RCT 
 
Postmenopausal 
Japanese women 
who developed 
serum triglyceride 
concentrations 
>150 mg/dL after 
taking CEE plus 
MA for 12 months 

N=36 
 

3 months 

Primary: 
Triglyceride, VLDL, LDL, 
and HDL levels 
 
Secondary: 
Not reported 

Primary: 
There was a significant decrease in triglyceride and VLDL levels 
compared with baseline (226.0±43.9 to 110.5±44.1 mg/dL; P<0.01) 
in the transdermal estradiol group. 
 
There were no significant changes in the LDL and HDL cholesterol 
levels in the transdermal estradiol group compared with CEE group 
(no P values reported). 
 
Secondary: 
Not reported 

Simon, Liu et al117 
 
Ethinyl estradiol (EE) 5 
μg plus norethindrone 
acetate (NA) 1 mg, in 
one tablet, QD 
 
vs  
 
placebo 
 
vs 
 
CEE 0.625 mg plus 
MPA 2.5 mg, in one 
tablet, QD (open-label 
arm) 

DB, MC, PG, 
RCT 
 
Healthy 
postmenopausal 
women with an 
intact uterus 

N=357 
 

1 year 

Primary: 
Incidence and duration of 
vaginal bleeding 
 
Secondary: 
Not reported 

Primary: 
There were significantly lower incidences of bleeding in the EE-NA 
treatment group compared with CEE-MPA group (P<0.05 at all 
time points). 
 
There was no difference in bleeding incidences in the EE-NA 
treatment group and placebo group at months 4, 5, and 7 through 12 
(P>0.05). 
 
The duration of bleeding and/or spotting was significantly shorter in 
the EE-NA group than in the CEE-MPA group (P≤0.05). 
 
There was a larger percentage of amenorrhea in the EE-NA group 
than in the CEE-MPA group (P<0.05). 
 
Secondary: 
Not reported 

Simon, Symons et al118 
 
Ethinyl estradiol (EE) 5 
μg QD  
 
vs 
 
EE 5 μg plus 

DB, PC, RCT 
 
Postmenopausal 
women 

N=945 
 

1 year 

Primary: 
Incidences of bleeding 
and/or spotting 
 
Secondary: 
Not reported 

Primary: 
There were significantly higher percentages of amenorrhea with 
EE-NA treatment than CEE-MPA treatment. At the end of 6 
months, the incidence of amenorrhea was significantly lower with 5 
μg EE plus 1 mg NA (P=0.009) and 10 μg EE plus 1 mg NA 
(P=0.006) compared with CEE-MPA. 
 
Secondary: 
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norethindrone acetate 
(NA) 0.25 mg QD 
 
vs  
 
EE 5 μg plus NA 1 mg 
QD 
 
vs 
 
EE 10 μg QD 
 
vs 
 
EE 10 μg plus NA 0.5 
mg QD 
 
vs  
 
EE 10 μg plus NA 1 mg 
QD 
 
vs 
 
CEE 0.625 mg plus 
MPA 2.5 mg QD 

Not reported 

Simon, Wysocki et al119 
 
1 mg NA/5 μg EE 
(Femhrt®) 
 
vs 
 
0.625 mg CEE/2.5 mg or 
5 mg MPA (Prempro®) 

RETRO, 
longitudinal 
analysis of 
pharmacy claims 
data 
 
Women who were 
new users of six 
HT regimens 

N=7,120 
 

9 months 

Primary: 
Treatment continuation 
rates 
 
Secondary: 
Not reported 

Primary: 
The treatment continuation rate was significantly higher among 
women taking Femhrt® compared to Prempro® (no P value 
reported). 
 
Significantly higher rates of treatment continuation were observed 
in women >55 years of age, those who did not switch HT during the 
9 months study period, those who received care in the central and 
northeast regions of the United States, and those who received 
treatment from obstetricians/gynecologists versus primary care 
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physicians (no P values reported). 
 
Secondary: 
Not reported 

Archer et al120 

 
Transdermal estradiol 
(E2) 50 μg/day 
(Vivelle®) 
 
vs 
 
transdermal estradiol 50 
μg plus norethindrone 
acetate (NA) 140, 250, or 
400 μg/day 
(Combipatch®) 

DB, MC, RCT 
 
Postmenopausal 
women, aged 40-
70, with an intact 
uterus 

N=625 
 

1 year 

Primary: 
Incidence of endometrial 
hyperplasia, bleeding 
and/or spotting, vasomotor 
events 
 
Secondary: 
Not reported 

Primary: 
There were significantly fewer cases of endometrial hyperplasia in 
the E2-NA treated group than in the E2 group (P<0.001).  
 
There was a longer mean duration of irregular bleeding or spotting 
in the E2 group compared to the E2-NA (no P value reported). 
 
There was a higher incidence of no uterine bleeding in the E2-NA 
group than in the E2 group (no P value reported). 
 
Similar reductions in mean number of hot flashes and intensity of 
sweating were observed with all treatment groups (no P value 
reported). 
 
Secondary: 
Not reported 

Johnson et al121 
 
CEE 0.625 mg plus 
MPA 2.5 mg, in one 
tablet, QD (Prempro®) 
 
vs 
 
17β-estradiol 1 mg plus 
norethindrone acetate 0.5 
mg, in one tablet, QD 
(Activella®) 

DB, MC, PRO, 
RCT 
 
Healthy 
postmenopausal 
women 

N=438 
 

6 months 

Primary: 
Bleeding profiles 
 
Secondary: 
Lipid profiles 

Primary: 
Treatment with Activella® resulted in a larger percentage of women 
with no bleeding and no spotting (P=0.001) compared to treatment 
with Prempro®. 
 
Secondary: 
There was a significant improvement in triglycerides (–8.5% vs 
+11.7%; P<0.001) and total cholesterol (–9.1% vs –6.9%; no P 
value reported) in the Activella® group compared to Prempro® 
group. 
 

Godsland et al122 
 
Oral therapy with CEE 
0.625 mg QD plus 

PC, RCT 
 
Postmenopausal 
women  

N=61 
 

18 months 

Primary:  
Intravenous glucose 
tolerance tests, plasma 
glucose, insulin, and C-

Primary: 
There were no changes in glucose or insulin concentrations with 
transdermal therapy. 
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levonorgestrel 0.075 mg 
QD for 12 days of each 
28 day cycle 
 
vs 
 
transdermal therapy with 
continuous 17β-estradiol 
plus norethindrone 
acetate 0.25 mg QD for 
14 days of each 28-day 
cycle 
 
vs  
 
placebo 

peptide concentrations 
 
Secondary: 
Not reported 

Oral hormone therapy lowered glucose tolerance and increased 
plasma insulin response (no P values reported). There was greater 
insulin resistance compared with baseline during the combined 
estrogen/progestin phase than in the estrogen only phase (no P 
values reported). 
 
Secondary: 
Not reported 

Whitcroft et al123 
 
Oral therapy with CEE 
0.625 mg QD plus dl-
norgestrel 0.15 mg QD 
for 12 days of each cycle 
 
vs 
 
transdermal therapy with 
17β-estradiol 0.05 mg 
QD plus norethindrone 
acetate 0.25 mg QD for 
14 days of each cycle 
 
vs 
 
placebo 
 
 

PC, RCT 
 
Healthy 
postmenopausal 
women 

N=61 
 

3 years 

Primary: 
Fasting serum lipid and 
lipoprotein concentrations 
 
Secondary: 
Not reported 

Primary: 
Both oral and transdermal hormone therapy significantly reduced 
serum total cholesterol (P<0.001) and low-density lipoprotein 
(P<0.01) from 3 months of treatment and effects were maintained at 
3 years of treatment. 
 
Both oral and transdermal hormone therapy significantly reduced 
serum triglyceride concentrations (P<0.05) from 6 months of 
treatment and effects were maintained over 3 years of treatment 
only with the transdermal group. 
 
High-density lipoprotein concentration declined in both oral and 
transdermal treatment groups, as well as placebo group (P<0.05 for 
all). 
 
Secondary: 
Not reported 
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Hirvonen et al124 

 
Estradiol plus MPA, 
dose not specified 
 
vs 
 
estradiol plus 
levonorgestrel (LNG), 
dose not specified 
 
vs 
 
estradiol valerate  
2 mg daily 

DB, XO 
 
Postmenopausal 
women 

N=36 
 

Duration not 
specified 

Primary: 
Menopausal symptoms, 
lipid profile, bleeding 
episodes 
 
Secondary: 
Not reported 

Primary: 
There were no differences in relief of menopausal symptoms 
between treatment groups (no P values reported). 
 
Women on the estradiol-MPA treatment significantly improved the 
atherogenic index, which is the low density lipoprotein cholesterol 
to high density lipoprotein cholesterol ratio (no P value reported). 
Women on the estradiol-LNG treatment showed deterioration in the 
atherogenic index (no P value reported). 
 
There was more withdrawal bleeding in the estrogen plus progestin 
groups than in the unopposed estrogen group (78% vs 22%; no P 
value reported). 
 
Secondary: 
Not reported 

White, Hanes et al125 
 
Drospirenone (DRSP) 1, 
2, or 3 mg with 17- β 
estradiol (E2) 1 mg or 
QD in the morning 
 
vs 
 
E2 1 mg alone QD each 
morning  
 
vs 
 
placebo 

DB, MC, PC, RCT 
 
Postmenopausal 
women, 45-75 
years of age, with 
mean seated clinic 
systolic BP 140 to 
179 mm Hg and 
diastolic BP 
between 90 to 109 
mm Hg in the 
untreated state 

N=750 
 

Study duration not 
specified; placebo 

phase was 3-4 
weeks and 

treatment phase 
was 8 weeks  

Primary: 
Mean change from 
baseline at week 8 in clinic 
and in ambulatory systolic 
BP  
 
Secondary: 
Changes from baseline in 
the clinic and 24-hour 
diastolic BP, assessment 
of the hourly changes in 
ambulatory systolic and 
diastolic BP 

Primary:  
While the mean reduction in clinic BP in the E2 alone group and 
1mg DSRP-E2 group was not statistically significant, the mean 
reductions in clinic BP in the 3 mg and 2 mg DSRP-E2 groups were 
statistically significant. These reductions were, –13.8/ –8.5 mm Hg 
and –12.1/–9.2 mm Hg, in the 3 mg and 2 mg DSRP-E2 groups, 
respectively, while the reductions for placebo were –8.7/–5.0 
mmHg (systolic BP reductions; P=0.0004 and 0.0195 for 3 mg and 
2 mg doses; and for diastolic BP reductions; P<0.0001 for both).  
 
Secondary: 
Measures of ambulatory BP showed significant reductions from 
baseline at a mean of 24-hour systolic BP in both the 2 mg and 3 
mg DRSP-E2 treatment groups compared to placebo. These 
reductions were, –6.1 and –4.7 mm Hg in the 3 mg and 2 mg 
DSRP-E2 groups respectively, compared to a mean systolic BP 
change in the placebo group of –1.2 mm Hg. (P values for systolic 
BP reductions vs placebo were <0.0001 and 0.009 respectively). 
There were no differences in ambulatory BP for 1 mg DRSP-E2 
and E2 alone vs placebo.  
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Preston et al126 
 
 
Drospirenone (DRSP) 
with 17-β estradiol 
(DRSP-E2) 
once daily for 28 days 
 
vs 
 
placebo once daily for 28 
days 
 

DB, MC, PC, RCT 
 
Postmenopausal 
women, 44 to 70 
years of age, with 
or without type 2 
diabetes mellitus 
and using an 
angiotensin-
converting 
enzyme or 
angiotensin II 
receptor 
antagonist  

N=230 
 

28 days 
 
 

Primary: 
Number and percentage 
subjects who developed 
hyperkalemia (K ≥5.5 
mEq/L) and changes from 
baseline in seated clinic 
BP 
 
Secondary:  
Not reported 

Primary: 
No statistical differences were observed in the overall number and 
percentage of subjects with hyperkalemia for DRSP-E2 versus 
placebo. No subject had symptoms or electrocardiographic changes 
related to hyperkalemia. A reduction in blood pressure was 
observed at −8.6/−5.8 mm Hg in patients receiving DRSP-E2 
versus −3.7/−2.9 mm Hg in the placebo group; P<0.01 for both 
systolic BP and diastolic BP.  
 
Secondary:  
Not reported 

White, Pitt et al127 
 
Drospirenone 3 mg 
(DRSP) with 1 mg 17-β-
estradiol (E2) DRSP 
once daily in the 
morning 
 
vs 
 
placebo once daily in the 
morning 

DB, MC, PC, RCT 
 
Postmenopausal 
women, aged 45 to 
80 years, with 
seated clinic 
systolic BP of 140 
to 159 mm Hg 
and/or the 
diastolic BP was 
90 to 99 mm Hg 

N=213 
 

Duration not 
specified 

Primary:  
Mean change from 
baseline at week 12 in 
clinic BP  
 
Secondary:  
Changes from baseline in 
the 24-hour systolic and 
diastolic BPs and heart 
rate, as well as other 
ambulatory monitoring 
parameters and mean 
changes from baseline of 
serum potassium 

Primary: 
Mean reductions in clinic BP in the DSRP-E2 group averaged –
14.1/–7.9 mm Hg, and the respective reductions for the placebo 
group were –7.1/–4.3 mm Hg (P<0.001 for both systolic and 

diastolic BP). 
 
Secondary: 
DRSP-E2 significantly lowered pulse pressure compared to the 
placebo group by –3.5 mm Hg (P=0.007). No significant changes 
were observed in heart rate. 
 

Archer et al128 
 
1.0 mg estradiol alone 
(E2 monotherapy)  
 
vs 
 
1.0 mg of estradiol plus 

DB, MC, PG, 
RCT 
 
 
Postmenopausal 
women with an 
intact uterus (42-
75 years of age) 

N=1,142 
 

1 year 

Primary:  
Endometrial hyperplasia 
 
Secondary: 
Bleeding patterns, hot 
flush frequency and 
severity, urogenital 
symptoms, and health-

Primary: 
Compared to estradiol alone, the combinations of drospirenone and 
estradiol were effective in protecting against endometrial 
hyperplasia. The probability of hyperplasia was 0.060 (95% CI, 
0.043 to 0.078) for the E2 monotherapy group, 0.007 for the 2 mg 
DRSP-/E2 group, and nonsignificant for the remaining 
drospirenone/estradiol groups. 
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0.5, 1.0, 2.0, or 3.0 mg of 
drospirenone (DRSP-
/E2) 

related quality-of-life Secondary: 
A greater proportion of women in all DRSP-E2 treatment groups 
had bleeding in cycles one through three compared to women in the 
E2 monotherapy group (P<0.001). Beginning at week 2, there was a 
decrease in hot flushes from baseline at all time points (P<0.008 in 
all treatment groups). At cycle 13, a decrease in mean body weight 
from baseline was observed in the 2 mg DRSP-E2 and 3 mg DRSP-
E2 groups (P<0.001 for both), while the decrease was not 
statistically significant in the 0.5 mg DRSP-/E2 and 1 mg DRSP-E2 
groups. 

Schurmann et al129 
 
Drospirenone (DRSP) at 
1, 2 or 3 mg combined 
with estradiol (1 mg) 
 
vs 
 
placebo 

MC, PC, RCT 
 
Healthy post-
menopausal 
Caucasian women, 
45-66 years of 
age, who 
complained of at 
least five 
moderate-to-
severe hot flushes 
per day on at least 
7 of the 14 days 
preceding the 
study. 

N=225 
 

16 weeks of 
treatment; followed 

with 2 weeks of 
follow-up 

Primary: 
Change in the frequency 
and the intensity of hot 
flushes from baseline 
 
Secondary: 
Other menopausal 
symptoms (sweating 
periods, sleep problems, 
depressed mood, 
nervousness, and 
urogenital symptoms), 
vaginal bleeding, and 
adverse events 

Primary: 
Hot flushes significantly decreased in frequency for all treatment 
groups (range 86% to 90%) in comparison to placebo (45%; 
P≤0.001) and remained suppressed at study end, 16 weeks.  
 
Secondary: 
Drospirenone and estradiol treatment decreased the intensity and 
severity of sweating, sleep problems, depression, nervousness, and 
urogenital symptoms; however, no P values were reported. The 
majority of the adverse events were mild or moderate, and similar 
rates were observed in all groups. Furthermore, no serious adverse 
events or clinically significant laboratory abnormalities were 
attributed to the treatment. 

Rowan et al130 
 
Study 1: 
Norethindrone acetate 
(NA)/ethinyl estradiol 
(EE) at either 0.2 mg/1 
μg, 0.5 mg/2.5 μg, 1 
mg/5 μg, or 1 mg/10 μg, 
or placebo  
 
Study 2: 

Post-hoc analysis 
of 3 studies 
 
Study 1=DB, MC, 
PC, PG; 
postmenopausal 
women 
 
Study 2=DB, MC, 
PG; 
postmenopausal 

N= 220,531 
 

Study 1=16 weeks 
 

Study 2=12 weeks 
 

Study 3=24 months 

Primary: 
Postmenopausal 
symptoms, the effects on 
bone and endometrium 
  
Secondary: 
Not reported 
 
 

Primary: 
In study 1, NA/EE 0.5 mg/2.5 μg was associated with significant 
reductions from baseline in mean weekly total hot flush frequency 
from week 4 (63.6%) through week 16 (73.7%; P<0.05).  
 
In study 2, the frequency of moderate or severe hot flushes was 
decreased by 61.1% at week 4 (P<0.05) and by 82.2% at week 12 
(P<0.001) with NA/EE 0.5 mg/2.5 μg.  Furthermore, the mean 
intensity score was significantly lower than that with placebo at 
weeks 8 and 12 (for both; P=0.001). 
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NA/EE 0.5 mg/2.5 μg, 1 
mg/5 μg, or 1 mg/10 μg, 
or placebo 
 
Study 3: 
Progestin/estrogen 
therapy (NA/EE 0.2 
mg/1 μg, 0.5 mg/2.5 μg, 
1 mg/5 μg, or 1 mg/10 
μg), unopposed estrogen 
monotherapy (EE 1, 2.5, 
5, or 10 μg), or placebo   

women 
 
Study 3=DB, MC, 
PC, PG; 
postmenopausal 
women 

In study 3, the cumulative amenorrhea rates were approximately 
90% in the NA/EE 0.5 mg/2.5 μg and placebo groups at 12 months.  
At 24 months, lumbar spine bone mineral density was maintained 
with NA/EE 0.5 mg/2.5 μg, but was significantly decreased from 
baseline at 7.4% in the placebo group (P<0.001).  At 24 months, 
endometrial hyperplasia was not observed in the group receiving 
NA/EE 0.5 mg/2.5 μg; no P value reported. 
 
Secondary: 
Not reported 

*Estradot® is marketed in the United States (US) as Vivelle-Dot®. 
†Menorest® is marketed in the US as Vivelle®. 
‡Product is not available in the US. 
Drug regimen abbreviations: QD=once daily 
Study abbreviations: CI=confidence interval, DB=double-blind, DD=double-dummy, ES=extension study, HR=hazard ratio, MA=meta-analysis, MC=multicenter, OL=open-label, OS=observational study, 
PC=placebo-controlled, PG=parallel-group, PRO=prospective, RCT=randomized controlled trial, RETRO=retrospective, XO=crossover 
Miscellaneous abbreviations: BMD=bone marrow density, BP=blood pressure, CABG= coronary artery bypass graft, CEE=conjugated equine estrogen, CHD=coronary heart disease, CHF= congestive heart 
failure, FSH= follicle-stimulating hormone, HDL= high-density lipoprotein, HT=hormone therapy, LDL= low-density lipoprotein, MI= myocardial infarction, MPA=medroxyprogesterone, OR=odds ratio, PCI= 
percutaneous coronary interventions, QOL= quality of life, VLDL= very-low-density lipoprotein, 3MSE= Modified Mini-Mental State Examination 
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Additional Evidence 
 
Dose Simplification  
Although the drugs used in the studies are not available in the United States, there were two trials that showed 
continuous administration of hormone therapy was better tolerated than sequential administration and therefore 
improved compliance. In one study, women who were treated with concurrent estrogen and progestin therapy with 
estradiol 2 mg, estriol 1 mg, and norethisterone 1 mg continuously had better compliance rates than women who 
were treated sequentially with estradiol valerate 2 mg daily and medroxyprogesterone acetate 5 mg daily for 12 
days of the month (93% vs 66%; no P value reported).131 The most frequent reason for discontinuation of therapy 
was uterine bleeding. The impact of compliance on clinical outcomes was not evaluated in this study.  

 
Another study showed a combination product of estradiol and norethisterone improved compliance when 
compared to sequential administration of the same component and strength of estrogen and progestin.132 The eight 
year compliance rate for the continuous combination regimen was 46% compared to 32% for the sequential 
regimen (no P value reported). The difference in compliance was primarily due to monthly bleeding associated 
with the sequential regimen. Treatment with continuous combined therapy resulted in an increase in bone mineral 
density (P=0.01), while treatment with sequential therapy did not result in any significant changes in bone mineral 
density after one and two years.  

 
Stable Therapy  
A study by Place and colleagues studied women whose menopausal symptoms were satisfactorily controlled on 
conjugated estrogens. Participants were randomly selected to continue with oral therapy or to switch to 
transdermal estradiol. Results showed that women who switched to transdermal therapy had similar relief of 
menopausal symptoms as the women who remained on oral conjugated estrogens.88 

 
Impact on Physician Visits 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 

 
IX. Cost 

 
A “relative cost index” is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For branded products with little 
or no recent utilization data, the average cost per prescription is calculated by the average wholesale price (AWP) 
and the standard daily dosing per product labeling. For generic products with little or no recent utilization data, the 
average cost per prescription is calculated by the Alabama Medicaid maximum allowable cost (MAC) and the 
standard daily dosage per product labeling. Please note that the relative cost index does not factor in additional 
cost offsets available to the Alabama Medicaid program via pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 

 
Relative Cost Index Scale  
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 
Rx=prescription 

 
Table 10.  Relative Cost of the Estrogens 

Generic Name Formulation(s) Example Brand Name(s) Brand 
Cost 

Generic 
Cost 

estradiol tablet, topical emulsion, 
topical gel, transdermal 

Alora®, Climara®*, 
Divigel®, Elestrin®, 

$-$$$ $ 
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Generic Name Formulation(s) Example Brand Name(s) Brand 
Cost 

Generic 
Cost 

patch, vaginal cream, 
vaginal ring, vaginal 
tablet  

Esclim®, Estrace*®, 
Estraderm®, Estrasorb®, 
Estring®, Estrogel®, 
Menostar®, Vagifem®, 
Vivelle®, Vivelle-Dot® 

estradiol acetate tablet, vaginal ring Femring®, Femtrace® $$-$$$$ N/A 
estradiol cypionate injection Depo-Estradiol®  $ N/A 
estradiol valerate injection Delestrogen®* $$$-$$$$ $-$$ 
estrogens, conjugated 
equine 

injection, tablet, vaginal 
cream 

Premarin® $$ N/A 

estrogens, conjugated, 
synthetic A 

tablet Cenestin® $$ N/A 

estrogens, conjugated, 
synthetic B 

tablet Enjuvia® $$ N/A 

estrogens, esterified tablet Menest® $ N/A 
estrone injection N/A N/A $ 
estropipate tablet Ogen®*, Ortho-Est®* $$$-$$$$ $ 
drospirenone and estradiol  tablet Angeliq® $$$ N/A 
estradiol and levonorgestrel transdermal patch Climara Pro®  $$ N/A 
estradiol and norethindrone tablet, transdermal 

patch 
Activella®, Combipatch®  $$ N/A 

estradiol and norgestimate tablet Prefest® $$$ N/A 
estrogen, conjugated 
equine and 
medroxyprogesterone 

tablet Premphase®, Prempro® $$ N/A 

ethinyl estradiol and 
norethindrone 

tablet Femhrt® $$ N/A 

*Generic is available in at least one dosage form or strength.  
N/A=not available. 

 
X. Conclusions 

 
The recommendations for the use of postmenopausal hormone replacement therapy have changed since the 
Women’s Health Initiative study, which showed an increased risk of stroke, blood clots, invasive breast cancers 
and gallbladder disease and no impact on cardiac disease prevention.5,7-18,20 However, estrogens still remain the 
most effective treatment for the relief of menopausal symptoms and a therapeutic option for the prevention and 
treatment of osteoporosis in high risk women. 
 
All estrogen products have been shown to be effective for the treatment of symptoms associated with menopause. 
Oral and transdermal estrogen products are effective for the prevention and treatment of osteoporosis. There are no 
significant differences in drug interactions or adverse effects when comparing the same dosage forms. Specific 
drug therapy selection should be individualized.  

 
Additionally, all estrogen and progestin combination products have been shown to be effective for the treatment of 
symptoms associated with menopause. Oral and transdermal estrogen and progestin combination products are 
effective in the prevention and treatment of osteoporosis. There are no significant differences in drug interactions 
or adverse effects when comparing the same dosage forms. Continuous administration of hormone therapy, 
whether as a combination product or the separate components, has been shown to be better tolerated and have 
higher compliance rates than sequential administration.49-50 There are no studies that have compared the safety, 
efficacy or clinical outcomes of continuous administration of a combination product versus concomitant 
administration of the individual components.  
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Oral estrogens undergo a first-pass effect in the liver, while transdermal estrogens do not. Lower doses of 
estrogens are effective with transdermal formulations because inactivation and metabolism by the liver are 
reduced.50 Higher levels of estrogen from oral formulations may cause hepatic adverse effects by raising the levels 
of hepatic proteins, such as renin substrate and sex-hormone-binding globulin. Oral estrogens can also increase the 
risk of cholelithiasis by increasing the lithogenicity of the bile. Transdermal formulations deliver estradiol that is 
absorbed directly into the bloodstream through the skin, and therefore may reduce the risk of these metabolic 
complications.49 There were also fewer reported gastrointestinal adverse events, such as nausea, vomiting, 
abdominal pain, increased smooth muscle tone, and gallbladder disease, associated with the transdermal 
formulations. However, skin reactions, including erythema and pruritus at the application site, may occur more 
frequently with the transdermal formulations.81 To date, there are no conclusive studies that show improved long-
term safety with the transdermal patch formulations compared with the oral estrogens. 

 
Both the single and combination estrogen products differ in formulation and pharmacokinetics. A scientific review 
that included 32 trials showed no significant difference in efficacy, as measured by relief of hot flashes, between 
conjugated equine estrogens, oral estradiol, and transdermal estradiol. Short-term adverse effects were also similar 
among the treatment groups, with breast tenderness and atypical vaginal bleeding as the most frequently reported 
adverse events.69 Oral and transdermal estradiol and oral estropipate are available generically. Likewise, the 
combination products differ in formulation (oral versus transdermal) and administration schedule (continuous 
versus sequential dosing regimen). Importantly, local topical vaginal agents are recommended for the treatment of 
urogenital symptoms.10,14,15 However, local delivery of estrogens with vaginal creams and tablets has been shown 
to result in a marked systemic absorption resulting in increased circulating plasma estrogen concentrations. The 
clinical significance of this is unclear. 
 
A large cohort study demonstrated that estrogens administered orally or transdermally, with or without progestins, 
were effective at reducing fracture risk.133 There was no difference in effectiveness between the different estrogen 
products. 
 
Therefore, all brand estrogen products are comparable to each other and to the generics and over-the-counter 
products in this class and offer no significant clinical advantage over other alternatives in general use.  

 
XI. Recommendations 
  

No brand estrogen is recommended for preferred status. Alabama Medicaid should accept cost proposals from 
manufacturers to determine cost effective products and possibly designate one or more preferred brands. 
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I. Overview 
 

The α-glucosidase inhibitors review evaluates two agents, acarbose and miglitol.1 They are Food and Drug 
Administration (FDA) approved for the treatment of type 2 diabetes mellitus as monotherapy or in combination 
with other antidiabetic medications. α-Glucosidase inhibitors delay the absorption of carbohydrates from the small 
intestine; therefore, they work to decrease postprandial blood glucose and insulin levels.2 They do not enhance 
insulin secretion, but have additive blood sugar lowering effects in patients receiving diet, a sulfonylurea, 
metformin, or insulin therapy. They are less potent than the sulfonylureas and metformin, lowering glycosylated 
hemoglobin A1c (HbA1c) by 0.5% to 1.0% when taken in conjunction with any other form of antidiabetic therapy.3 
 
Acarbose is a pseudo-oligosaccharide that competitively and reversibly inhibits α-glucosidases. These are 
enzymes in the proximal small intestine and are required for the breakdown of starches, dextrins, maltose, and 
sucrose into absorbable monosaccharides.4 The antihyperglycemic action of miglitol results from reversible 
inhibition of membrane-bound intestinal α-glucosidases, which hydrolyze oligosaccharides and disaccharides to 
glucose and other monosaccharides in the brush border of the small intestine.5 

 
The α-glucosidase inhibitors that are included in this review are listed in Table 1. This review encompasses all 
dosage forms and strengths. 
 
Table 1.  α-Glucosidase Inhibitors Included in this Review 

Generic Name Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
acarbose tablet Precose® none 
miglitol tablet Glyset® Glyset® 
No generic products are available in this class. 

 
II. Evidence-Based Medicine and Current Treatment Guidelines 
  

Current treatment guidelines for the α-glucosidase inhibitors are summarized in Table 2. In addition to the 
International Diabetes Federation (IDF) diabetes treatment guidelines6 which do incorporate the α-glucosidase 
inhibitors into their recommendations, the recently published IDF guidelines for the management of postmeal 
glucose7 include the α-glucosidase inhibitors, as an available treatment option, along with the amylin analogs, 
dipeptidyl peptidase-4 (DPP-4) inhibitors, exenatide, insulins and meglitinides, for postmeal glucose management. 
For a more comprehensive overview of the treatment of diabetes, please refer to the Appendix.  

 
Table 2.  Treatment Guidelines Using the α-Glucosidase Inhibitors 

Clinical Guideline Recommendation(s) 
American Diabetes Association 
(ADA):  
Standards of Medical Care in 
Diabetes—20088 

Prevention of Type 2 Diabetes 
• Metformin should be the only drug considered for use in diabetes prevention. 

For other drugs, issues of side effects and lack of persistence of effect in some 
studies led the panel to not recommend their use for diabetes prevention. 

• In addition to lifestyle counseling, metformin may be considered in those who 
are at very high risk and who are obese and under 60 years of age. 

 
Treatment of Type 2 Diabetes 
• Please see the following guideline (2006) and consensus statement update 

(2008) by the American Diabetes Association (ADA)/European Association for 
the Study of Diabetes (EASD).  
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Clinical Guideline Recommendation(s) 
American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD): 
Management of Hyperglycemia 
in Type 2 Diabetes: A Consensus 
Algorithm for the Initiation and 
Adjustment of Therapy (2006)9 

• There is insufficient data to support recommending one class of agents or a 
combination of medications over others with regards to effects on 
complications. 

• Metformin, along with lifestyle intervention, should be the initial 
pharmacologic therapy in the absence of specific contraindications, when 
lifestyle intervention fails to achieve or maintain metabolic goals. 

• The guideline states that α-glucosidase inhibitors, exenatide, meglitinides, and 
pramlintide were not included in the treatment algorithm due to their generally 
lower overall glucose-lowering effectiveness and limited clinical data. 
However, these agents may be appropriate in selected patients. 

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD):  
Management of Hyperglycemia 
in Type 2 Diabetes Mellitus: A 
Consensus Algorithm for the 
Initiation and Adjustment of 
Therapy: Update Regarding the 
Thiazolidinediones (2008)10 

• The guideline states that α-glucosidase inhibitors, exenatide, meglitinides, 
pramlintide, and sitagliptin were not included in the treatment algorithm due to 
their generally lower overall glucose-lowering effectiveness and limited clinical 
data. However, these agents may be appropriate in selected patients. 

American Association of Clinical 
Endocrinologists (AACE):  
Medical Guidelines for Clinical 
Practice for the Management of 
Diabetes Mellitus (2007)11 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, initiate monotherapy with α-glucosidase 

inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors, metformin, secretagogues 
(meglitinides or sulfonylureas) or thiazolidinediones. 

• In patients with an HbA1c of 7%-8%, initiate combination therapy. Regimens 
may include an α-glucosidase inhibitor combined with a secretagogue. 

• In patients with an HbA1c of 8%-10%, initiate/intensify combination therapy to 
address fasting and postprandial glucose levels. 

 
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• The combination therapies listed for patients naïve to therapy are appropriate 

for patients being treated pharmacologically.  
American College of 
Endocrinologists (ACE)/ American 
Association of Clinical 
Endocrinologists (AACE), 
Diabetes Road Map Task Force:  
Road Maps to Achieve Glycemic 
Control in Type 2 Diabetes 
(2007)12 

Prevention of Type 2 Diabetes 
• α-glucosidase inhibitors are listed as treatment options for the prevention of 

type 2 diabetes; although, they are not approved by the Food and Drug 
Administration for this use. 

 
Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, the following are preferred as initial 

therapy: α-glucosidase inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors, 
metformin or thiazolidinediones. (Note: the road map cites a recent report that 
suggests a possible link of rosiglitazone to cardiovascular events and requires 
further evaluation.) 

• In patients with an HbA1c of 7%-8%, an α-glucosidase inhibitor may be 
combined with a DPP-4 inhibitor, a meglitinide, metformin, a sulfonylurea or a 
thiazolidinedione to achieve glycemic goals. Two or more agents may be 
required. 

 
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• In patients with an HbA1c of 6.5%-8.5%, an α-glucosidase inhibitor may be 

added to metformin. 
International Diabetes Federation 
(IDF) Clinical Guidelines Task 
Force:  
Global Guideline for Type 2 

• α-Glucosidase inhibitors may be considered as a further option after metformin 
and sulfonylureas.  
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Clinical Guideline Recommendation(s) 
Diabetes (2005)6 
Institute for Clinical Systems 
Improvement (ICSI):  
Healthcare Guideline: 
Management of Type 2 Diabetes 
Mellitus (2006)13 

• α-Glucosidase inhibitors may be considered as an alternative option to 
metformin (the preferred agent) and sulfonylureas and thiazolidinediones 
(acceptable secondary choices). 

• Combination therapy with oral agents may be required to achieve goals. 

National Institute for Health and 
Clinical Excellence (NICE): 
Clinical Guidelines for Type 2 
Diabetes: Management of Blood 
Glucose (2002)14 

• α-Glucosidase inhibitors are considered an alternative agent for patients unable 
to use other oral glucose lowering agents. 

 
III. Indications 
 

The FDA-approved indications for the α-glucosidase inhibitors are outlined in Table 3. While agents within this 
therapeutic class may have demonstrated positive activity via in vitro trials, the clinical significance of this activity 
remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo clinical trials. As such, this 
review and the recommendations provided are based exclusively upon the results of such clinical trials. 

 
Table 3.  FDA-Approved Indications for the α-Glucosidase Inhibitors15-16 

Indication(s) Acarbose Miglitol 
As monotherapy, adjunct to diet in type 2 diabetes when hyperglycemia cannot be managed with 
diet alone 

a a 

Combination therapy with a sulfonylurea in type 2 diabetes when diet and the α-glucosidase 
inhibitor alone or a sulfonylurea alone do not result in adequate glycemic control 

a a 

Combination therapy with insulin or metformin in type 2 diabetes  a  
 

IV. Pharmacokinetics  
 

The pharmacokinetic parameters for the α-glucosidase inhibitors are noted in Table 4. 
 
Table 4.  Pharmacokinetic Parameters of the α-Glucosidase Inhibitors15-16 

Drug Time to peak 
plasma concen-
tration (hours) 

Absorption Protein 
binding 

(%) 

Active 
metabolites 

Excretion Half-Life 
(hours) 

Acarbose 1 <2% as active drug N/A 1 active 
metabolite 

Renal 2 

Miglitol 2-3 Saturable at high doses 
 

(25 mg dose is completely 
absorbed and the 100 mg 

dose is 50%-70% absorbed) 

<4 Not reported Renal 2 

 
V. Drug Interactions 
 

Significant drug-drug interactions with the α-glucosidase inhibitors are noted in Table 5. 
 
Table 5.  Significant Drug-Drug Interactions with the α-Glucosidase Inhibitors17 

Drug(s) SignificanceLevel Interaction Description 
Acarbose 2 Digoxin Impaired digoxin absorption is suspected; therefore, serum digoxin 

concentrations may be reduced, decreasing its therapeutic effects. 
Significance Level 1=major severity 
Significance Level 2=moderate severity 
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VI. Adverse Drug Events 
 

Significant adverse drug events associated with the α-glucosidase inhibitors are reported in Table 6. In both 
products, the majority of adverse drug events are related to gastrointestinal effects. This is likely due to the 
reversible inhibition of membrane-bound intestinal α-glucoside hydrolase enzymes with miglitol and both 
membrane-bound intestinal α-glucosidase hydrolase enzymes and pancreatic alpha-amylase with acarbose. The 
enzyme inhibition occurs within the small intestine of the gastrointestinal tract and delays glucose absorption and 
lowers postprandial hyperglycemia.17-18  
 

Table 6.  Adverse Drug Events (%) Associated with the α-Glucosidase Inhibitors15-16 

Adverse Event(s) Acarbose Miglitol 
Dermatologic 
Rash - 4.3 
Gastrointestinal  
Abdominal pain 19 11.7 
Diarrhea 31 28.7 
Flatulence 74 41.5 
- Event not reported or incidence <1% 
 
VII. Dosing and Administration 
 

Usual dosage regimens for the α-glucosidase inhibitors are summarized in Table 7. 
 
Table 7.  Usual Dosing for the α-Glucosidase Inhibitors15-16 

Drug(s) Usual Adult Dose 
Usual 

Pediatric Dose Availability 
Acarbose Initial dose: 25 mg three times daily with the first bite of each main meal 

 
Maximum dose: 50 mg, three times daily with the first bite of each main 
meal (for patients ≤60 kg), 100 mg, three times daily with the first bite of 
each main meal (for patients >60 kg) 

Safety and 
effectiveness 
have not been 
established. 

Tablet:  
25 mg  
50 mg  
100 mg 

Miglitol Initial dose: 25 mg, three times daily with the first bite of food at each 
main meal 
 
Maximum dose: 100 mg, three times daily with the first bite of food at 
each main meal 

Safety and 
effectiveness 
have not been 
established. 

Tablet:  
25 mg  
50 mg  
100 mg 
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VIII. Effectiveness  
 

Clinical studies that evaluated the safety and effectiveness of the α-glucosidase inhibitors are summarized in Table 8. 
 
Table 8.  Comparative Clinical Trials Using the α-Glucosidase Inhibitors 

Study 
and  

Drug Regimen 

Study Design 
and  

Demographics 

Sample Size 
and 

Study Duration 

End Points Results 

Buse et al18 
 
The PROTECT study 
 
Acarbose 25 mg to 50 
mg three times daily 
(TID) (forced 
titration), dose 
remained at 50 mg 
TID or increased to 
100 mg TID based on 
tolerability and 
efficacy or added a 
sulfonylurea or 
increased the dosage 
of sulfonylurea  

MC, OL, PRO  
 
Patients ≥21 years of 
age with type 2 
diabetes (T2DM) 
who were 
inadequately 
controlled with either 
diet alone or diet and 
a sulfonylurea 

N=6,142 
 

28 weeks 
 
 

Primary: 
Change in HbA1c 
from baseline 
 
Secondary: 
Change in 
postprandial 
plasma glucose 
(PPG) from 
baseline 

Primary:  
Mean HbA1c after 28 weeks of therapy was 8.41%. The mean change from 
baseline in the HbA1c at the end of the treatment period was  
–0.66% (P<0.001). 
 
Secondary: 
Mean PPG level was 208.1 mg/dL after 28 weeks of therapy. The mean PPG 
level decreased by 41 mg/dL at the end of the treatment period (P<0.001). 

Chiasson et al19 

 
The STOP-NIDDM 
trial 
 
Acarbose 100 mg 
TID, taken with the 
first bite of each meal 
 
vs  
 
placebo  

DB, MC, PC, RCT 
 
Patients from 40-70 
years of age, with a 
body mass index 
(BMI) of 25-40 
kg/m2 with impaired 
glucose tolerance test 
according to the 
World Health 
Organization (WHO) 
criteria and a fasting 
plasma glucose 
concentration of 100 
to 140 mg/dL (5.5 to 
7.8 mmol/L), patients 

N=1,429 
 

3.3 years (mean) 

Primary: 
Number of patients 
who developed 
major cardio-
vascular events 
(coronary heart 
disease, 
myocardial 
infarction, new 
angina, 
revascularization 
procedures, 
cardiovascular 
death, congestive 
heart failure, 
cerebrovascular 

Primary: 
15 patients in the acarbose group and 32 patients in the placebo group 
experienced any cardiovascular event. Acarbose was associated with a 49% 
relative risk reduction in the development of any cardiovascular event [hazard 
ratio (HR) 0.51, 95% confidence interval (CI), 0.25 to 0.95; P=0.03] and a 2.5% 
absolute risk reduction. 
 
There was a significant reduction in the risk of myocardial infarction associated 
with acarbose treatment: 1 patient experienced a myocardial infarction with 
acarbose and 12 with placebo (HR, 0.09, 95% CI, 0.01 to 0.72; P=0.02). 
 
5 patients in the acarbose group experienced angina compared to 12 in the 
placebo group (P=0.13). 
 
Eleven patients in the acarbose group experienced revascularization procedures 
and 20 in the placebo group (P=0.18). 
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Study 
and  

Drug Regimen 

Study Design 
and  

Demographics 

Sample Size 
and 

Study Duration 

End Points Results 

were excluded if they 
had had any 
cardiovascular event 
within the last 6 
months and if they 
had been treated 
within the last 3 
months with systemic 
glucocorticoids, β-
blockers, thiazide 
diuretics, or nicotinic 
acid  
 

events, and 
peripheral vascular 
disease) 
 
Secondary: 
New cases of 
hypertension 
 
 

 
One patient in the acarbose group experienced cardiovascular death compared to 
2 patients in the placebo group (P=0.63). 
 
No patients in the acarbose group and 2 patients in the placebo group 
experienced congestive heart failure. 
 
Two patients in the acarbose group and 4 patients in the placebo group 
experienced a cerebrovascular event or stroke (P=0.51). 
 
One patient in each group experienced peripheral vascular disease (P=0.93). 
 
Secondary: 
78 (11%) of the 682 patients in the acarbose group developed hypertension 
compared to 115 (17%) of the 686 patients in the placebo group. There was a 
34% relative risk decrease in the incidence of new hypertension cases associated 
with acarbose treatment (HR, 0.66, 95% CI, 0.49 to 089; P=0.006) and a 5.3% 
absolute risk reduction. 
 
Reduction in the risk of cardiovascular events (HR, 0.47, 95% CI, 0.24 to 0.90; 
P=0.02) and hypertension (HR, 0.62, 95% CI, 0.45 to 0.86; P=0.004) associated 
with acarbose treatment was statistically significant after adjusting for the major 
risk factors. 

Chiasson et al20 

 
Acarbose 100 mg 
TID, taken with the 
first bite of each meal 
 
vs  
 
placebo  

DB, MC, PC, RCT 
 
Patients from 40-70 
years of age, with a 
BMI of 25-40 kg/m2 
with impaired 
glucose tolerance test 
according to the 
WHO criteria and a 
fasting plasma 
glucose (FPG) 
concentration of 100 
to 140 mg/dL (5.5 to 
7.8 mmol/L), patients 

N=1,429 
 

3.3 years (mean) 

Primary: 
The development 
of diabetes on the 
basis of a yearly 
oral glucose 
tolerance test 
(OGTT) 
 
Secondary: 
Not reported 

Primary: 
117 (17%) patients developed diabetes in the acarbose group compared with 178 
(26%) in the placebo group (HR, 0.68, 95% CI, 0.54 to 0.85; P=0.0010), 
resulting in an absolute reduction of 8.7% and a relative reduction of 32.4% 
when a FPG of 7 mmol/L or greater was reported on two consecutive visits as 
the criterion for the development of diabetes.  
 
When any two positive OGTTs with a 2-hour plasma glucose of 11.1 mmol/L or 
greater, 105 (15%) patients converted to diabetes in the acarbose group 
compared to 165 (24%) in the placebo group (HR, 0.64, 95% CI, 0.4981 to 
0.8129; P=0.003) for an absolute reduction of 8.7% and a relative reduction of 
36.4%.  
 
Based on one abnormal plasma glucose concentration, cumulative incidence of 
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Study 
and  

Drug Regimen 

Study Design 
and  

Demographics 

Sample Size 
and 

Study Duration 

End Points Results 

were excluded if they 
had had any 
cardiovascular event 
within the last 6 
months and if they 
had been treated 
within the last 3 
months with systemic 
glucocorticoids, β-
blockers, thiazide 
diuretics, or nicotinic 
acid  

diabetes was 221 (32%) patients in the acarbose group and 285 (42%) in the 
placebo group (relative hazard 0.75, 95% CI, 0.63 to 0.90; P=0.0015). 
 
Probability of reverting to normal glucose tolerance over time was significantly 
higher in patients on acarbose than in those on placebo (P<0.001). 
 
Secondary: 
Not reported 

Hwu et al21 

 
Acarbose 
50 mg TID for 6 
weeks, titrated to 100 
mg TID for 12 weeks  
 
vs  
 
placebo  

DB, MC, PC, PG, 
RCT 
 
Asian patients 35-70 
years old with T2DM 
on insulin with 
inadequate control, 
with a history of 
diabetes greater than 
1 year without any 
event of diabetic 
ketoacidosis within 
12 months of 
beginning of study, 
an HbA1c between 
8%-11% at the 
beginning of the 
study and in a stable 
condition requiring at 
least 2 injections of 
intermediate insulin 
per day, with BMI of 
≤35 kg/m2 and stable 
body weight within 
the last 3 months 

N=117 
 

18 weeks 

Primary: 
Change in HbA1c 
from baseline to 
endpoint 
 
Secondary: 
Changes in FPG, 
PPG, and lipids 
from baseline 
 

Primary:  
HbA1c improved in the acarbose group (–0.5 ± 1.3%) and increased in the 
placebo group (0.2 ± 1.2%). The comparison between the groups showed a 
difference of –0.69% (95% CI,–1.18 to –0.20; P=0.008) in favor of acarbose. 
 
Secondary: 
FPG decreased in acarbose by endpoint, but there was not a significant 
difference between the groups (0.04 mmol/L, 95% CI, –1.28 to 1.66; P=0.094). 
 
Differences between the treatment groups were significant for the PPG data (–
1.89 mmol/L, 95% CI, –3.50 to –0.28; P=0.029), but was not significant for the 
2-hour postprandial data (–1.83 mmol/L, 95% CI, –3.67 to 0.00; P=0.051). 
 
There were no differences between the groups from baseline to endpoint for 
triglycerides, total cholesterol and low density lipoprotein (LDL) cholesterol 
(P=0.378, P=0.935, P=0.294, respectively). There was a small decrease in high 
density lipoprotein (HDL) cholesterol in the acarbose group (P=0.049). 
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Study 
and  

Drug Regimen 

Study Design 
and  

Demographics 

Sample Size 
and 

Study Duration 

End Points Results 

Halimi et al22 

 
Acarbose 50 to 100 
mg TID in addition to 
metformin 850 mg 
twice daily (BID) to 
TID 
 
vs  
 
placebo in addition to 
metformin 850 mg 
BID to TID 
 

DB, PC, PG, RCT 
 
Patients from 30-70 
years of age with 
T2DM (defined 
according to WHO 
criteria, for at least 1 
year prior to the 
study start), BMI of 
25-35 kg/m2, having 
poor glycemic 
control despite 
receiving metformin 
for at least 2 months 
before the study start 

N=152 
 

6 months 

Primary:  
HbA1c 
concentration at 
the end of the 
study 
 
Secondary: 
Blood glucose, 
insulin profiles, 
and triglyceride 
levels 

Primary: 
Mean difference in HbA1c from baseline to endpoint was –0.7 ±1.2% U in the 
intention-to-treat (ITT) acarbose group vs + 0.2 ±1.3% U in the placebo group 
(P=0.0001).  
 
Patients were classified as responders if their HbA1c values at the end of 
treatment were <7% or had decreased by <15% relative to baseline. The total 
numbers of responders were 25 of 49 (42%) patients in the acarbose group and 
12 of 70 (17%) patients in the placebo group (P=0.002). 
 
Secondary: 
Mean difference in the fasting blood glucose level from baseline to endpoint was 
–1.0 ±2.8 mmol/L in the acarbose ITT group vs +1.3 ±2.8 mmol/L in the placebo 
group (P=0.0001). 
 
Mean difference in 2-hour postprandial blood glucose level from baseline to 
endpoint was –1.4 ±3.8 mmol/L in the acarbose group vs +1.1 ±3.5 mmol/L in 
the placebo group (P=0.0001). 
 
Mean changes between acarbose compared to placebo for triglyceride, fasting 
and postprandial serum insulin was not significant (P=NS). 

Josse et al23 

 
Acarbose 50 mg to 
100 mg TID 
 
vs  
 
placebo  

DB, PC, RCT 
 
Patients >65 years of 
age with T2DM 
treated with diet 
alone 
 

N=192 
 

1 year 

Primary: 
Change in HbA1c, 
FPG, fasting 
insulin, relative 
insulin sensitivity, 
and glucose and 
insulin incremental 
area under the 
curve (AUC) 
 
Secondary: 
Not reported 
 

Primary: 
Difference in HbA1c from baseline to endpoint between acarbose and placebo 
was –0.6% (P<0.05). Acarbose 100 mg TID resulted in a greater HbA1c 
treatment effect than those taking 50 three times daily (–0.9 vs –0.2%). P value 
not reported. 
 
Change in FPG level was greater in the acarbose group than the placebo group (–
0.7 mmol/L; P<0.05). 
 
Change in fasting insulin was –9 ±4 pmol/L for acarbose and –9 ±3 pmol/L for 
placebo, the difference was not significant.  
 
Acarbose showed a significant reduction in glucose and insulin incremental 
AUC relative to the placebo group (glucose: –2.1 ±0.3 mmol/h l; P<0.05; insulin 
–45 pmol/h l; P<0.05). 
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Acarbose showed a significant reduction in relative insulin resistance when 
compared to the placebo group (–0.8; P<0.05). 
 
Secondary: 
Not reported 

Lam et al24 

 
Acarbose 50 mg TID 
with the first bite of 
each meal for 4 weeks 
then 100 mg TID with 
the first bite of each 
meal for 20 weeks  
 
vs 
 
placebo 

DB, MC, RCT 
 
Chinese patients with 
T2DM for more than 
6 months with stable 
body weight (BMI 
<30 kg/m2), HbA1c 
levels between 8.4%-
10.8% on at least two 
occasions in the past 
3 months despite 
maximal doses of 
glibenclamide* or 
gliclazide† and 
metformin for over 6 
months 

N=90 
 

24 weeks 

Primary: 
Change in HbA1c, 
FPG, PPG and 
insulin levels, and 
fasting lipid levels 
 
Secondary: 
Not reported 

Primary: 
Acarbose treatment was associated with greater reductions in HbA1c  
(–0.5 ±0.2% vs placebo 0.1 ±0.2% [means ± SEM]; P=0.038), 1-hour 
postprandial glucose (–2.3 ±0.4 mmol/L vs placebo 0.7 ±0.4 mmol/L; P<0.001) 
and body weight (–0.54 ±0.32 kg vs placebo 0.42 ±0.29 kg; P<0.05).  
 
No significant differences between the two groups with regards to fasting plasma 
glucose, lipids, or fasting and postprandial insulin levels. 
 
Gastrointestinal symptoms were the most common side effects with flatulence 
occurring the most compared to placebo (P<0.05). 
 
Secondary: 
Not reported 

Lin et al25 

 
Acarbose 100 mg TID 
 
vs 
 
placebo  

DB, MC, PC, RCT 
 
Asian patients from 
35-70 years of age 
with T2DM ≥3 
months, HbA1c of 
7%-10%, and stable 
body weight (≤35 
kg), uncontrolled by 
diet and 
sulfonylureas, 
(concurrent 
sulfonylurea 
treatment remained 
unchanged 
throughout the study) 

N=69 
 

24 weeks 

Primary: 
Change in HbA1c 
from baseline to 
double-blind 
endpoint 
 
Secondary: 
Change from 
baseline to 
endpoint in blood 
glucose (FPG and 
PPG), serum 
insulin (fasting and 
1-hour 
postprandial), and 
urinary glucose 

Primary: 
Acarbose treatment was associated with significantly greater reductions in HbA1c 
(–0.91% vs placebo 0.13%; P=0.0018) and PPG levels (–2.84 mmol/L vs 
placebo 0.28 mmol/L; P=0.002). 
 
Secondary: 
There were no significant differences between the treatment groups regarding 
changes in FPG (P=0.1941), fasting insulin (P=0.5003), insulin PPG 
(P=0.2799), urinary glucose, or body weight. 
 
Change in FPG and PPG was significant for acarbose compared to placebo 
(P=0.0020). 
 
Adverse events occurred with similar frequency in both treatment groups except 
for drug-related gastrointestinal side effects with acarbose (acarbose 48.5% and 
placebo 12.5%). 
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Phillips et al26 

 
Acarbose 50 mg to 
100 mg BID (in 
addition to the 
patients’ usual 
metformin doses, the 
median dose was 
1,700 mg daily)  
 
vs  
 
placebo (in addition to 
the patients’ usual 
metformin dose, the 
median dose was 
1,700 mg daily) 
 
 

DB, MC, PC, PG, 
RCT 
 
Patients ≥40 years of 
age with T2DM for 6 
months or longer, 
BMI of 25-35 kg/m2, 
an HbA1c of 7%-10% 
at screening week 
and 6.8%-10.2% at 
baseline and 
inadequately 
controlled by 
metformin 

N=83 
 

24 weeks 

Primary: 
Change in HbA1c 
from baseline and 
endpoint 
 
Secondary: 
Change in FPG 
 
 

Primary: 
Mean HbA1c increased in the placebo group from 7.82 ±0.83% at baseline to 8.1 
±1.06% at week 12 and 8.5 ±1.44 at the end. The mean increase after 24 weeks 
was 0.68 ±1.17%, with a significant overall time effect (P=0.0001).  
 
In the acarbose group, mean HbA1c decreased from 8.02 ±0.85% at baseline to 
7.78 ±1% at week 12 (P=0.0261). At the endpoint, mean HbA1c increased to 7.97 
±1.1%. There was no significant overall time effect for acarbose. 
 
Adjusted least square means for the change in HbA1c from baseline to endpoint 
showed a decrease of 0.16 ±0.18% in the acarbose group compared to an 
increase of 0.86 ±0.16% in the placebo group. There was a significant difference 
between the treatment groups of 1.02% (95% CI, 0.543 to 1.497; P=0.0001). 
 
Secondary: 
Mean FPG levels increased in the placebo group from baseline (9.41 ±1.99 
mmol/L) to week 4 (10.06 ±2.43 mmol/L) to the end of the study (10.77 ±3.39 
mmol/L). The levels only changed slightly for the acarbose group. 
 
Mean FPG increases were 1.36 ±2.88 mmol/L for placebo and 0.08 ±1.98 
mmol/L for acarbose. The adjusted least square means showed increase at end 
point in both groups of 0.34 ±0.42 mmol/L for acarbose vs 1.48 ±0.39 mmol/L 
for placebo with a statistical significance of 1.132 mmol/L between the groups 
(95% CI, 0.056 to 2.208; P=0.0395). 

Wagner et al27 

 
Acarbose 100 mg TID 
 
vs 
 
aerobic/anaerobic 
exercise group 
training for 50 minutes 
3 times weekly 
 
vs 
 

RCT 
 
Patients aged 45-60 
years with T2DM 
diagnosed at least 3 
months prior to 
inclusion, HbA1c 
<7.5%, BMI 25-30 
kg/m2 at start of 
wash-out period 

N=62 
 

12 weeks 

Primary: 
Change in HbA1c, 
insulin sensitivity 
(M value), regional 
fat distribution, 
Vo2max (a measure 
of physical fitness) 
 
Secondary: 
Not reported 

Primary: 
At study endpoint, the acarbose alone group resulted in no effects on HbA1c, 
FPG, M value, BMI, body composition, or Vo2max. However, fasting plasma 
proinsulin level was significantly reduced (P=0.009). 
 
In the exercise alone group, there were significant reductions in BMI, waist 
circumference, total and truncal fat, and total and intra-abdominal fat area. 
Although Vo2max was unchanged, there was an increase in maximal workload 
(P=0.005) and in the M value (P=0.017). HbA1c was unchanged. 
 
The combination group resulted in significant decreases in BMI, waist 
circumference, total and truncal fat, and total and intra-abdominal fat. Maximal 
workload, Vo2max, and M values were all increased (P=0.028, P=0.046, and 
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combination of 
acarbose 100 mg TID 
and exercise 
 
Dose of acarbose was 
titrated up during the 
first 4 weeks of 
intervention. 

P=0.002, respectively). Additionally, fasting plasma proinsulin levels were 
significantly reduced (P=0.013) as well as HbA1c. P value was not reported for 
HbA1c. 
 
Secondary: 
Not reported 

de Luis Roman et al28 

 
Miglitol at progressive 
doses (50 mg BID the 
first week then, 50 mg 
TID, doses beyond not 
specified) 

Type of study not 
specified 
 
Patients with T2DM 
inadequately 
controlled (HbA1c 
>7.5%) on 
sulfonylureas and 
insulin 

N=33 
 

3 months 

Primary: 
Change in weight, 
height, BMI, 
systolic and 
diastolic blood 
pressure, HbA1c, 
number of episodes 
of peripheral 
hypoglycemia, 
basal glucose, 
albuminuria, total 
cholesterol, LDL-
cholesterol, HDL-
cholesterol, 
triglycerides, and 
transaminases 
 
Secondary: 
Not reported 
 

Primary: 
Blood glucose and HbA1c decreased 4.8% and 5.8%, respectively (no P values 
reported). 
 
There was a decrease in the number of hypoglycemia episodes (39.4% previous 
quarter vs 3% during the miglitol quarter, no P values reported). 
 
The required dose of sulfonylureas decreased (86.2 ±24.3 mg/day vs 64.6 ±21.9 
mg/day; P<0.05). 
 
Total cholesterol, HDL-cholesterol, and LDL-cholesterol levels were not 
modified. There was a reduction in triglycerides from 145.2 ±111 mg/dL vs 
133.1 ±79 mg/dL; P<0.05. 
 
Fifteen percent of patients experienced digestive discomfort (no P values 
reported), which disappeared 2 or 3 weeks after beginning the treatment.  
 
No data was reported for the other outcomes. 
 
Secondary: 
Not reported 

Standl et al29 

 
Miglitol, titrated 
stepwise (according to 
individual tolerability) 
from 25 mg to 100 mg 
TID in addition to 
background diet, 

DB, MC, PC, PG, 
RCT 
 
Patients from 30-70 
years of age with 
T2DM for at least 3 
years, HbA1c ≥7.5-
≤10.5%, BMI ≤35 

N=154 
 

24 weeks 

Primary: 
Change in HbA1c 
from baseline  
 
Secondary:  
FPG, PPG, fasting 
and postprandial 
serum insulin and 

Primary: 
Addition of miglitol to sulfonylureas and metformin produced a significant 
reduction in HbA1c (–0.55%; P=0.04) and PPG (–2.6 mmol/L; P=0.0009) from 
baseline to endpoint when compared to placebo.  
 
Secondary: 
FPG decreased in the miglitol group and was almost unchanged from baseline 
with placebo, the difference was not significant (P=0.10). 
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glibenclamide* 3.5 to 
5 mg BID to QID, and 
metformin 500 to 850 
mg daily 
 
vs 
 
placebo in addition to 
background diet, 
glibenclamide* 3.5 to 
5 mg BID to QID, and 
metformin 500 to 850 
mg daily 

kg/m2, stable body 
weight over the 
previous 3 months, 
and inadequately 
controlled on 
combination therapy 
of diet, 
glibenclamide* and 
metformin 

triglyceride levels, 
and urinary 
glucose 
 
 
 

 
Fasting insulin levels were unchanged for both groups throughout the study, the 
difference was not significant (P=0.79). 
 
Postprandial insulin decreased from baseline to endpoint, but the difference 
between the groups was not significant (P=0.26). 
 
Postprandial triglycerides decreased slightly in the miglitol group and remained 
unchanged in the placebo group, the difference was not significant (P=0.47). 

Van Gaal et al30 

 
Miglitol (forced 
titration) from 25 mg 
TID to 100 mg TID (if 
patients could not 
tolerate the highest 
dose, titration to 50 
mg TID would occur) 
in addition to back-
ground therapy of diet 
and metformin 500 mg 
TID or 850 mg BID or 
TID 

 
vs 
  
placebo in addition to 
background therapy of 
diet and metformin 
500 mg TID or 850 
mg BID or TID 

DB, MC, PC, PG, 
RCT 
 
Patients 30-75 years 
of age T2DM for at 
least 1 year, HbA1c 
≥7.5%-≤10.5%, BMI 
between 23-40 
kg/m2, stable body 
weight over the 
previous 3 months, 
and whose diabetes 
was inadequately 
controlled by diet and 
metformin  
 

 N=152 
 

32 weeks 

Primary: 
Change in HbA1c 
from baseline 
 
Secondary: 
Change in FPG, 
PPG, serum 
insulin, and fasting 
and 1-hour 
postprandial 
triglyceride levels 
 
 

Primary:  
There was a significant decrease in HbA1c when miglitol was added to treatment 
(–0.21% vs + 0.22% for placebo treatment; P=0.011). 
 
Secondary: 
PPG decreased in both groups, but the reduction was more significant with 
miglitol from 16.5 ±3.8 mmol/L at baseline to 13.8 ±5 mmol/L at the end of the 
study period compared to 16.3 ±3.4 mmol/L to 15.7 ±3.8 mmol/L for placebo. 
The baseline adjusted means were 13.8 mmol/L for miglitol vs 15.8 mmol/L for 
placebo (P=0.0007). 
 
Fasting insulin levels decreased more with miglitol than in the placebo group, the 
difference was not statistically significant. P values were not reported. 
 
FPG, fasting and postprandial triglyceride levels showed a descriptive advantage 
for miglitol but did not reach a statistical difference. Mean fasting blood glucose 
levels fell more in the miglitol group (baseline, 11.5 ±2.7 mmol/L; end of 
treatment, 10.8 ±3.6 mmol/L) than in the placebo group (baseline, 11.6 ±3.1 
mmol/L; end of treatment, 11.5 ±3.4 mmol/L, difference of adjusted means 
P=0.15). Fasting triglyceride levels fell in the miglitol group (treatment effect –
16.3 mg/dL) vs placebo group (treatment effect + 3.77 mg/dL); P=0.26. Similar 
results were seen for postprandial triglycerides (no P value reported). 
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van de Laar et al31 

  
α-Glucosidase 
inhibitor monotherapy 
(30 acarbose trials, 7 
miglitol trials, 1 
voglibose† trial, and 3 
compared different α-
glucosidase inhibitors) 
 
 

MA of 41 trials 
(described in 69 
articles, abstracts, 
posters, or 
unpublished 
documents) 
 
Patients with T2DM 
that received no other 
antidiabetic 
medication (when 
both patients with 
and without 
additional medication 
were included, the 
group without 
medication was 
presented, a duration 
of least 12 weeks, 
intervention with an 
α-glucosidase 
inhibitor, random 
allocation to the 
comparison groups, 
and at least one of the 
following outcome 
measures: mortality, 
morbidity, quality of 
life, glycemic 
control, insulin, or C-
peptide levels, lipids, 
body weight, or 
adverse effects 

N=8,130 
 

≥12 weeks 

Primary: 
At least one of the 
following outcome 
measures: 
mortality, 
morbidity, quality 
of life, glycemic 
control, insulin, or 
C-peptide levels, 
lipids, body 
weight, or adverse 
effects 
 
Secondary: 
Not reported 
 

Primary: 
There was only limited data on mortality, morbidity, and quality of life. Three 
studies reported mortality outcomes and found no differences between treatment 
groups. 
 
Acarbose demonstrated an effect on glycemic control compared to placebo: 
HbA1c –0.8% (95% CI, –0.9 to –0.7), FPG –2.3 mmol/L (95% CI, –2.7 to –1.9) 
and postload glucose –2.3 mmol/L (95% CI,–2.7 to –1.9). The effect on HbA1c 
from acarbose 50 to 300 mg TID was not dose-dependent. There seemed to be a 
dose dependency with miglitol in regards to HbA1c; miglitol 25 mg, 50 mg, 100 
mg, and 200 mg TID decreased HbA1c by 0.46%, 0.58%, 0.79%, and 1.26%, 
respectively. 
 
A decreasing effect on postload insulin was found. 
 
There were no clinically relevant effects on lipids or body weight found. 
 
Adverse events were generally of gastrointestinal origin and dose dependent.  
 
Secondary: 
Not reported 
 
 

Bayraktar et al32 

 
Acarbose 50 mg with 
each meal and 

RCT, XO with 
washout period 
 
Patients from 30-63 

N=18 
  

20 weeks 

Primary:  
Changes in FBG, 
PPG, HbA1c, 
triglycerides, 

Primary:  
Mean FPG, PPG, and HbA1c decreased at the end of each combination treatment 
period as compared with baseline levels (P<0.05).  
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increased to 100 mg 
with each meal after 1 
week in addition to a 
sulfonylurea 

 
vs  
 
metformin 500 mg 
with each meal in 
addition to 
sulfonylurea 
 

years of age with 
non-insulin-
dependent diabetes 
mellitus (NIDDM) 
for 2 to 20 years, 
HbA1c >8.5%, 
FPG>7.7 mmol/L, or 
a PPG>10 mmol/L 
on maximum doses 
of gliclazide† (240 
mg daily) 

cholesterol, 
fibrinogen (Fb), 
insulin levels, and 
C-peptide levels 
from baseline 
  
Secondary:  
Not reported 

PPG level in the acarbose group was lower than the level achieved by the group 
using metformin (P<0.05). 
  
Each saw a statistically significant decrease between pre- and posttreatment 2-
hour postprandial blood glucose levels (–5.3±0.4 for acarbose vs –2.9±0.3 for 
metformin, P<0.05). 
 
There were small reductions in Fb, insulin, and C-peptide levels in each group, 
but the differences were not statistically significant. 
 
Cholesterol levels remained unchanged with both treatment groups. 
  
Secondary:  
Not reported 

Feinbock et al33 

 
Acarbose 50, 100, 150 
or 200 mg TID (doses 
were titrated at weekly 
intervals until the 
target fasting blood 
glucose of 7.8 mmol/L 
was achieved) 
 
vs  
 
glimepiride 1, 2, 3, 4 
or 6 mg QD (doses 
were titrated at weekly 
intervals until the 
target FPG of 7.8 
mmol/L was achieved) 
 
 

MC, OL, PG, RCT 
 
Patients from 36-80 
years of age with 
T2DM uncontrolled 
on diet alone, with an 
HbA1c ≥7.8%, and a 
BMI between 24-35 
kg/m2 

 N=219 
 

20 weeks  

Primary: 
Number of 
responders in each 
group (defined as a 
FPG of ≤7.8 
mmol/L at the final 
visit) 
 
Secondary: 
Changes in HbA1c, 
weight, PPG, and 
C-peptide levels 
from baseline 
 

Primary: 
Glimepiride treatment was associated with a significant responder rate compared 
to acarbose, 61% vs 34% respectively (P<0.001).  
 
Glimepiride resulted in significant decreases in HbA1c (2.5 ±2.2%) as compared 
to acarbose (1.8 ±2.2%; P=0.014). 
 
Secondary:  
FPG levels were significantly decreased with glimepiride as compared to 
acarbose (2.6 ±2.6 mmol/L vs 1.4 ±2.8 mmol/L; P=0.004). 
 
There was a greater reduction in HbA1c in the glimepiride group (2.5 ±2.2%) 
compared to the acarbose group (1.8 ±2.2%; P=0.014). 
 
Decreased glucose response to breakfast was significant for glimepiride 
compared to acarbose (P=0.0001). 
 
Weight loss was observed in the acarbose group (P=0.001) and glimepiride 
group (P=0.8) from baseline. 
 
C-peptide levels were higher in the glimepiride group compared to the acarbose 
group at study endpoint (5.44 ±2.26 ng/mL vs 4.57 ±1.93 ng/mL; P=0.0004; 
intra-individual difference: 0.53 ±1.7 ng/mL vs –0.31 ±1.72 ng/mL; P=0.002). 
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Van de Laar et al34 

 
Acarbose 
 
vs 
 
placebo, metformin, 
diet and exercise or 
treatment, or both 
 
No studies including 
miglitol or voglibose 
were found for this 
review. 

MA 
 
Analysis of 5 
randomized trials that 
compared α-
Glucosidase 
inhibitors (acarbose, 
miglitol or voglibose) 
to placebo, non-
pharmacological 
intervention, 
biguanides, 
thiazolidinediones, 
sulfonylureas, 
meglitinides, or any 
other 
pharmacological 
intervention in 
patients with 
impaired glucose 
tolerance or impaired 
fasting blood 
glucose. 
 
Studies were 
excluded if the 
design was not 
randomized and if 
patients had type 2 
diabetes mellitus. 

N=2,360 
 

Varied duration 
(1-6 years) 

Primary: 
Occurrence of type 
2 diabetes 
 
Secondary: 
cardiovascular 
morbidity and 
mortality, glycemic 
control, lipids, 
blood pressure, 
body weight 

Primary: 
In the comparison of acarbose to placebo, the incidence of or conversion to type 
2 diabetes was reduced [risk ratio (RR), 0.78, 95% CI, 0.68 to 0.90; P value not 
reported]. 
 
Neither acarbose nor metformin had significant effects on the incidence of type 2 
diabetes mellitus when compared to one another. However, when compared to 
diet and exercise, acarbose had beneficial effects on the incidence of type 2 
diabetes (RR, 0.40, 95% CI, 0.17 to 0.96; P value not reported). 
 
Secondary: 
There were no significant effects on total mortality or mortality due to 
cardiovascular causes in studies comparing acarbose to placebo. In one study 
(STOP-NIDDM), the authors reported a decreasing effect on the incidence of 
cardiovascular disease as a combined endpoint (myocardial infarction, angina, 
revascularization procedures, cardiovascular death, congestive heart failure, 
cerebrovascular events and peripheral vascular disease) (RR, 0.47, 95% CI, 0.26 
to 0.86; P value not reported).  
 
Acarbose decreased PPG by 0.61 mmol/L (95% CI, 0.27 to 0.95; P value not 
reported) compared to placebo. In the EDIT study, acarbose significantly 
decreased FPG and PPG in comparison to placebo (P=0.0043 and P=0.0075, 
respectively). In comparison to metformin, acarbose showed a decreasing effect 
on PPG (1.40 mmol/L (95% CI, 0.55 to 2.25; P value not reported). Similarly, 
acarbose vs diet and exercise also showed significant reductions in FPG and PPG 
(–1.37 mmol/L, 95% CI, –0.50 to –2.24 and –2.79 mmol/L, 95% CI, –1.79 to –
3.79; P values not reported). 
 
There were no significant effects on diastolic and systolic blood pressure in 
studies comparing acarbose to placebo. However, metformin showed statistically 
significant decreases in both total cholesterol and diastolic blood pressure in 
comparison to acarbose (0.90 mmol/L; 95% CI, 0.19 to 1.61 and 6 mm Hg, 95% 
CI, 2.81 to 9.19, respectively; P values not reported). 
 
Acarbose decreased body weight by 1.2 kg (95% CI, 0.5 to 1.8) and BMI by 0.3 
kg/m2 (95% CI, 0.1 to 0.5; P value not reported) compared to placebo. 
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Johnston el al35 

 
Miglitol 25 mg TID 
 
vs 
 
miglitol 50 mg TID 
 
vs 
 
glyburide 1.25 to 20 
mg daily (QD) 
 
vs  
 
placebo  

DB, MC, PC, PG, 
RCT 
 
Patients ≥60 years of 
age with T2DM 
treated with diet 
alone for at least 12 
weeks before 
randomization, 
HbA1c between 
6.5%-10%, fasting 
plasma glucose >140 
mg/dL 2 weeks prior 
to randomization, and 
free of any serious 
illnesses 
 

N=411 
 

1 year  

Primary: 
Change in HbA1c 
from baseline 
 
Secondary: 
Change from 
baseline in plasma 
glucose, serum 
insulin, and 
triglycerides levels 
 
 

Primary:  
Mean placebo-subtracted HbA1c reduction from baseline was –0.50% for 
miglitol 25 mg TID (P<0.05 vs glyburide),–0.41% for miglitol 50 mg TID 
(P<0.05 vs glyburide), –0.93% for glyburide QD, and –0.01% for placebo 
(P<0.05 when compared to all active treatments). 
 
Secondary:  
Changes in mean plasma glucose (area under the curve) were +716 mg·min/dL 
for placebo (P<0.05 when compared to miglitol 25 mg TID, miglitol 50 mg TID 
and glyburide), –3,361mg·min/dL for miglitol 25 mg TID, –5,462 mg·min/dL for 
miglitol 50 mg TID, and –3,615 mg·min/dL for glyburide (P=0.0001 for miglitol 
50 mg TID vs placebo). 
 
Postprandial insulin levels were significantly greater in the glyburide group than 
in the placebo and miglitol groups (P<0.01). 
 
Mean changes from baseline to endpoint for fasting triglycerides were 1.01 for 
placebo and miglitol 25 mg TID, 0.98 for miglitol 50 mg TID, and 1 for 
glyburide (P=0.573 for comparison of miglitol 50 mg and placebo). 
 
Mean changes from baseline to endpoint for triglycerides (area under the curve) 
were 1.01 for placebo, 1.03 for miglitol 25 mg TID, 1.00 for miglitol 50 mg TID, 
and 1.06 for glyburide (P=0.8559 for the comparison of miglitol 50 mg TID and 
placebo). 
 
Hypoglycemia, weight gain, and routine and serious cardiovascular events were 
more frequent in the glyburide group (P<0.05-0.01 vs placebo or miglitol). 

Lopez-Alvarenga et 
al36 

 
Acarbose 100 mg TID 
in addition to 
chlorpropamide (500 
mg daily) and 
metformin (1,200 mg 
daily) 
 

DB, RCT, XO with 
washout period 
 
Patients with T2DM 
from 35-70 years of 
age with stable body 
weight (BMI 23-35 
kg/m2), without 
severe chronic 
complications with a 

N=46 
 

42 weeks 

Primary: 
Change in FPG 
from baseline, 
body weight, 
HbA1c, fasting 
insulin, fasting C-
peptide, 
intravenous 
glucose tolerance 
test (incremental 

Primary: 
Changes in FPG from baseline were not significant for placebo (P=0.62), but 
were significant for acarbose (P=0.05) and insulin (P=0.003). 
 
Changes in HbA1c from baseline were not significant for placebo (P=0.62) and 
acarbose (P=0.3), but were significant for insulin (P=0.008). 
 
Changes in body weight were not significant in any group; P=0.2 for each group 
from baseline. 
 



   

83 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Study 
and  

Drug Regimen 

Study Design 
and  

Demographics 

Sample Size 
and 

Study Duration 

End Points Results 

vs 
 
NPH insulin at 
bedtime (8 units a day 
was the initial dose) in 
addition to 
chlorpropamide (500 
mg daily) and 
metformin (1,200 mg 
daily) 
 
vs 
 
placebo in addition to 
chlorpropamide (500 
mg daily) and 
metformin (1,200 mg 
daily) 
 
Note: placebo insulin 
was not used. 

fasting plasma 
glucose above 8.8 
mmol/L despite 
maximal doses of 
chlorpropamide and 
metformin for at least 
2 months 
 

area), glucose meal 
tests (incremental 
area) 
 
Secondary: 
Not reported 

Changes in fasting insulin from baseline were not significant for placebo 
(P=0.38), but were significant for acarbose (P=0.03) and insulin (P=0.02). 
 
Changes in fasting C-peptide from baseline were not significant in any group, 
placebo (P=0.7), acarbose (P=0.5), and insulin (P=0.24). 
 
Changes in intravenous glucose tolerance test (incremental area) from baseline 
were not significant in any group, placebo (P=0.36), acarbose (P=0.91), and 
insulin (P=0.94). 
 
Changes in glucose meal tests (incremental area) from baseline were not 
significant for placebo (P=0.84) and insulin (P=0.08), but were for acarbose 
(P=0.02). 
 
Changes in insulin (incremental area) from baseline were not significant for any 
group, placebo (P=0.92), acarbose (P=0.3), and insulin (P=0.43). 
 
37% of patients developed severe bloating during acarbose use. This was 
significant (P<0.05) compared to acarbose and placebo or insulin.  
 
Secondary: 
Not reported 

van de Laar et al37 

 
Acarbose titrated 
stepwise to a 
maximum of 100 mg 
TID 
 
vs 
 
tolbutamide titrated 
stepwise to a 
maximum of 2,000 mg 
daily in 3 divided 
doses  
 

DB, RCT 
 
Newly diagnosed 
patients with T2DM 
between 40-70 years 
of age and a FPG 
level between 6.7 and 
20 mmol/L after an 
8-week dietary 
treatment period 
 

N=96 
 

30 weeks 

Primary: 
Change in HbA1c 
from baseline 
 
Secondary: 
Change in fasting 
and postload blood 
glucose and insulin 
levels, plasma 
lipids, and 
tolerability 

Primary: 
Both treatment groups showed a decrease in HbA1c. The HbA1c change from 
baseline for the acarbose group was –1.1% vs 1.8% for the tolbutamide group. 
The difference between the groups was 0.6% in favor of tolbutamide (90% CI, 
0.3 to 0.9 and 95% CI, 0.2 to 1.0).  
 
Secondary: 
Difference in mean decrease of FPG was 1.0 mmol/L in favor of tolbutamide 
(95% CI, 0.3 to 1.7). 
 
No significant differences were seen in postload blood glucose, fasting and 
postload insulin levels, or lipids. 
 
Significantly more patients in the acarbose group (15 vs 3) discontinued therapy 
because of adverse effects, mostly gastrointestinal. 
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Chiasson et al38 

 
Miglitol 100 mg TID 
(by forced titration)  
 
vs  
 
metformin 500 mg 
TID 
 
vs  
 
miglitol 100 mg TID 
(by forced titration) 
plus metformin 500 
mg TID 

DB, MC, PC, RCT 
with placebo run-in-
period 
 
Patients >40 years of 
age with T2DM 
inadequately 
controlled by diet 
alone, HbA1c of 
7.2%-9.5% 
 
 

N=324 
 

36 weeks 

Primary: 
Change in HbA1c 
from baseline 
 
Secondary: 
Change in FPG 
and PPG, insulin 
levels, and serum 
triglyceride levels 
from baseline to 
endpoint 

Primary: 
Mean change in HbA1c from baseline was 0.38 ±0.12 for placebo, 0.02 ±0.10 for 
miglitol, –0.85 ±0.12 for metformin, and –1.39 ±0.11 for the combination of 
miglitol plus metformin. A reduction in mean placebo-subtracted HbA1c of –
1.78% was seen with the miglitol plus metformin combination, this was 
significantly different from metformin alone  
(–1.25; P=0.002). 
 
Mean reductions in HbA1c compared to placebo were –0.37% for miglitol, –
1.25% for metformin, and –1.78% for metformin plus miglitol. The end of 
treatment mean of HbA1c was 8.5% for placebo, 8.2% for miglitol, 7.3% for 
metformin, 6.9% for metformin plus miglitol (no P values reported). The 
metformin plus miglitol group achieved the targeted HbA1c of <7%. Significantly 
more patients (P=0.0014) in the metformin plus miglitol group (70.6%) were 
classified as responders (i.e., showed ≥15% reduction from baseline in HbA1c or 
achieved an HbA1c <7%) compared to metformin monotherapy (45.5%). 
 
Note: Primary comparison for all efficacy variables was between the 
combination of miglitol plus metformin and metformin alone. 
 
Secondary: 
Combination of metformin plus miglitol also resulted in better metabolic control 
than metformin alone for fasting plasma glucose (P=0.0025) and 2-hour 
postprandial plasma glucose area under the curve (P=0.0001). 
  
Changes in triglyceride levels from baseline to the endpoint did not differ 
significantly between metformin plus miglitol and metformin monotherapy and 
showed no consistent trend. 

Aoki et al39 
 
Miglitol just before 
breakfast 
 
vs 
 
miglitol 15 minutes 
after start of breakfast 

XO 
 
Patients with T2DM 
and a mean age of 60 
years, mean BMI of 
26.7 kg/m2, mean 
HbA1c of 9.3%, and 
an average duration 
of diabetes of 7.4 

N=13 
 

180 minutes 

Primary: 
Effect of plasma 
glucose at 0, 30, 
60, 120, and 180 
minutes after 
breakfast, effect on 
serum insulin 
 
Secondary: 

Primary: 
At 30 and 60 minutes, plasma glucose levels were significantly decreased in 
those who took miglitol just before breakfast in comparison to the control group 
(P<0.05).  
 
At 60 and 120 minutes, plasma glucose levels were significantly decreased in 
those taking miglitol 15 minutes after breakfast (P<0.05) while those taking 
miglitol 30 minutes after breakfast had significant reductions at 120 and 180 
minutes (P<0.05) in comparison to the control group.  
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vs 
 
miglitol 30 minutes 
after start of breakfast 
 
vs 
 
placebo 

years Not reported  
There were no significant differences between treatment groups (P value not 
reported). 
 
The AUC of serum insulin was lower with all 3 treatment groups in comparison 
to the control group (P value not reported). 
 
Secondary: 
Not reported 

Bolen et al40 

 

Biguanides 
 
vs 
 
meglitinides 
 
vs 
 
thiazolidinediones 
 
vs 
 
alpha-glucosidase 
inhibitors 
 
vs 
 
second-generation 
sulfonylureas 

Systematic review 
 
Analysis of 216 
controlled trials and 
cohort studies, and 2 
systemic reviews that 
addressed benefits 
and harms of oral 
diabetes drug classes 
in patients with type 
2 diabetes 
 
Studies were 
included if the drugs 
were not available in 
the US market if 
members of their 
class were in use and 
had not been banned 
(voglibose†, 
gliclazide†, and 
glibenclamide*), 
monotherapy 
therapies and 
combination 
therapies that are 
commonly used 
(metformin, second-

N=136 (articles 
on intermediate 

outcomes) 
 

N=167 (articles 
on adverse 

events) 
 

N=68 (articles 
on microvascular 

outcomes and 
mortality) 

 
Varied duration 

Primary: 
Intermediate 
outcomes: HbA1c 
level, body weight, 
blood pressure and 
lipid panels, all-
cause mortality, 
cardiovascular 
morbidity and 
mortality and 
microvascular 
outcomes 
 
Secondary: 
Adverse events: 
hypoglycemia, 
gastrointestinal 
problems, 
congestive heart 
failure, edema or 
hypervolemia, 
lactic acidosis, 
elevated liver 
enzymes, allergic 
reactions requiring 
hospitalization and 
other serious 
adverse events 

Primary: 
Results from clinical trials showed that most oral agents including 
thiazolidinediones, metformin, and repaglinide improved glycemic control to the 
same degree as sulfonylureas (absolute decrease in HbA1c level of about 1%) 
(moderate-to-high strength of evidence). Nateglinide and alpha-glucosidase 
inhibitors have slightly weaker effects, on the basis of indirect comparisons of 
placebo-controlled trials (low strength of evidence). 
 
Thiazolidinediones were the only class with beneficial effect on HDL (mean 
relative increase, 3 to 5 mg/dL) but a harmful effect on LDL (mean relative 
increase, 10 mg/dL) compared with other oral agents. Metformin decreased LDL 
levels by about 10 mg/dL, whereas other oral agents had no effects on LDL 
(moderate strength of evidence). 
 
Thiazolidinediones, second-generation sulfonylureas, and metformin had 
similarly minimal effects on systolic blood pressure (moderate strength of 
evidence).  
 
Most agents except metformin increased body weight by 1 to 5 kg (moderate 
strength of evidence). 
 
In the ADOPT (A Diabetes Outcome Progression Trial), the incidence of 
cardiovascular events was lower with glyburide than with rosiglitazone or 
metformin (1.8%, 3.4%, and 3.2%, respectively; P<0.05). 
 
In the RECORD study (rosiglitazone evaluated for cardiac outcomes and 
regulation of glycemia in diabetes), rosiglitazone plus metformin or a 
sulfonylurea compared with metformin plus a sulfonylurea had a hazard ratio of 
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Study 
and  

Drug Regimen 

Study Design 
and  

Demographics 

Sample Size 
and 

Study Duration 

End Points Results 

generation 
sulfonylureas, and 
thiazolidinedione) 
 
Studies were 
excluded if there was 
combination of 3 oral 
diabetes agents and 
first-generation 
sulfonylureas drug 
class 
 
 

 
 
 

1.08 (95% CI, 0.89 to 1.31) for the primary endpoint of hospitalization or death 
from cardiovascular disease. The hazard ratio was driven by more congestive 
heart failure in the rosiglitazone plus metformin group than in the control group 
of metformin plus sulfonylurea (absolute risk, 1.7% vs 0.8%, respectively). 
 
Too few comparisons were made to draw firm comparative conclusions on 
microvascular outcomes (P value not reported). 
 
Secondary: 
According to several randomized, controlled trials and some observational 
studies, sulfonylureas and replaglinide were associated with greater risk for 
hypoglycemia. In many randomized controlled trials, thiazolidinediones were 
associated with higher risk for edema than were sulfonylureas or metformin 
(absolute risk difference, 2% to 21%). 
 
In cohort studies, thiazolidinediones were associated with higher risk for 
congestive heart failure although absolute risks were small (1% to 3%) and 
higher risk for mild anemia yet produced similarly low rates of elevated 
aminotransferase levels (<1%) compared with sulfonylureas and metformin.  
 
In many trials and a few observational studies, metformin was associated with 
greater risk for gastrointestinal problems compared with other oral diabetes 
agents (P value not reported). 
 
According to a systematic review of 176 comparative trials, lactic acidosis 
events were similar between metformin and other oral diabetes agents (P value 
not reported). 

*Synonym for glyburide 
†Agent not available in the United States 
Drug regimen abbreviations: BID=twice daily, QD=once daily, QID=four times daily, TID=three times daily 
Study abbreviations: DB=double-blind, MA=meta-analysis, MC=multicenter, OL=open-label, PC=placebo-controlled, PG=parallel-group, PRO=prospective, RCT=randomized controlled trial, 
XO=crossover 
Other abbreviations: AUC=area under the curve, BMI=body mass index, CI=confidence interval, FPG=fasting plasma glucose, HbA1c= glycosylated hemoglobin A1c, HDL=high density lipoprotein, 
HR=hazard ratio, ITT=intention-to-treat, LDL=low density lipoprotein, M value=insulin sensitivity, NIDDM=non-insulin-dependent diabetes mellitus, NPH=Neutral protamine Hagedorn, OGTT=oral 
glucose tolerance test, PPG=postprandial plasma glucose, T2DM=type 2 diabetes mellitus, Vo2MAX=regional fat distribution, WHO=World Health Organization 
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Additional Evidence 
 
Dose Simplification 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 

 
Stable Therapy 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 

IX. Cost 
 
A “relative cost index” is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For branded products with little 
or no recent utilization data, the average cost per prescription is calculated by the average wholesale price (AWP) 
and the standard daily dosing per product labeling. For generic products with little or no recent utilization data, the 
average cost per prescription is calculated by the Alabama Medicaid maximum allowable cost (MAC) and the 
standard daily dosage per product labeling. Please note that the relative cost index does not factor in additional 
cost offsets available to the Alabama Medicaid program via pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 

 
Relative Cost Index Scale  
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 
Rx=prescription 

 
Table 9.  Relative Cost of the α-Glucosidase Inhibitors 

Generic Name Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 
acarbose tablet Precose® $$$ N/A 
miglitol tablet Glyset® $$$ N/A 
No generic products are available in this class. 
N/A=not available. 

 
X. Conclusions 
  

The α-glucosidase inhibitors are approved for the treatment of type 2 diabetes as monotherapy or in combination 
with other antidiabetic agents.15-16 The effectiveness of these agents as monotherapy and in combination with other 
oral antidiabetic agents was demonstrated through many clinical trials; however, there are no head-to-head trials 
comparing these agents to each other.1,4,19-33,35-39 In placebo-controlled studies, acarbose demonstrated significant 
positive effects on HbA1c and 1-hour postprandial glucose levels.21,23-25 Significant positive changes were seen 
with HbA1c and postprandial glucose levels when miglitol was given with metformin or a combination of 
metformin and a sulfonylurea.19-30 Acarbose demonstrated similar effects with HbA1c and postprandial glucose 
levels when administered in combination with metformin or a sulfonylurea.22,26,32 In a study conducted by Wagner 
et al, acarbose in combination with routine exercise resulted in the greatest benefit in HbA1c, insulin sensitivity, 
BMI, and physical fitness compared to either treatment alone.27 Chiasson et al reported acarbose therapy was 
associated with a 49% relative risk reduction and 2.5% absolute risk reduction in the development of any 
cardiovascular event.19 Additionally, Chiasson et al reported acarbose therapy in high-risk patients decreased the 
cumulative incidence of diabetes.20 This study evaluated acarbose only, and a search of Ovid and Medline did not 
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reveal similar studies with miglitol. The α-glucosidase inhibitors are not FDA-approved for the prevention of type 
2 diabetes. As to the effects of these agents on morbidity and mortality, according to the recent Cochrane review of 
α-glucosidase inhibitors, very few studies evaluated and/or reported the effects of these agents on morbidity and 
mortality and there were no differences cited between acarbose and miglitol with regards to mortality.1,31 
Additionally, the Cochrane review found no clinically relevant effects on lipids or body weight. Overall, the 
current data does not demonstrate that one α-glucosidase inhibitor offers a significant clinical advantage in 
glycemic control, morbidity or mortality over the other. 
 
The α-glucosidase inhibitors share similar pharmacokinetic properties, which include renal excretion and a short 
half-life of 2 hours; however, there are differences in time to peak plasma concentration, metabolism, and 
absorption.15-16 It is difficult to determine if these variations account for differences in efficacy due to the lack of 
comparison trials. 
 
Acarbose and miglitol share similar gastrointestinal adverse drug events including abdominal pain, diarrhea, and 
flatulence.15-16 The percentage of flatulence reported with acarbose is greater than with miglitol when comparing 
the values reported in the manufacturers’ product information, however, no comparative tolerability data from 
direct comparison trials is currently available. There are very few drug-to-drug interactions with the α-glucosidase 
inhibitors and they share the same dosing schedule. Additionally, they share some of the same contraindications 
which include the following: diabetic ketoacidosis, inflammatory bowel disease, colonic obstruction, partial 
intestinal obstruction or predisposition to intestinal obstruction, chronic intestinal diseases associated with marked 
disorders of digestion, absorption or with conditions that may deteriorate as a result of increased gas formation in 
the intestine, and hypersensitivity to the agents.15-16 

  
The NICE guidelines state that acarbose may be an alternative agent for the treatment of type 2 diabetes in patients 
unable to use other oral medications.14  (Note: The NICE guidelines are based out of London, England and 
miglitol is not available in the United Kingdom per communication with Pfizer Inc., December 13, 2007.) The IDF 
guidelines indicate that α-glucosidase inhibitors may be considered a further option for the treatment of type 2 
diabetes after metformin, sulfonylureas, and in patients intolerant of other therapies.6 The AACE guidelines do not 
designate a first-line oral antidiabetic agent for the treatment of type 2 diabetes, and both acarbose and miglitol are 
listed among the choices of agents without a preference noted for either agent.11 The ICSI guidelines state that 
metformin is the preferred agent for initiation of treatment when no contraindications are present and that 
sulfonylureas and thiazolidinediones are suitable second-line agents.13 The ACE/ACCE Road Map for the 
treatment of type 2 diabetes states that in patients naïve to therapy, α-glucosidase inhibitors are among the 
preferred and recommended combination therapies for patients with initial HbA1c levels between 6%-7% and 7%-
8%, respectively. 12 For patients currently being treated with an HbA1c level of 6.5%-8.5%, combinations of 
agents, including an α-glucosidase inhibitor, are recommended, to achieve glycemic goals. The ACE/ACCE Road 
Map does not designate first-line therapy or recommend one α-glucosidase inhibitor over the other. The 
ACE/ACCE Road Map includes an α-glucosidase inhibitor among their choices for the prevention of type 2 
diabetes. α-Glucosidase inhibitors are not FDA approved for the prevention of type 2 diabetes. The ADA/EASD 
updated in 2008 states that α-glucosidase inhibitors, exenatide, meglitinides, pramlintide, and sitagliptin were not 
included in the treatment algorithm due to their generally lower overall glucose-lowering effectiveness and limited 
clinical data. However, these agents may be appropriate in selected patients.10 
 
Therefore, all brand products within the class reviewed are comparable to each other and to the generics and over-
the-counter products in this class and offer no significant clinical advantage over other alternatives in general use.  

 

XI. Recommendations 
 
No brand α-glucosidase inhibitor is recommended for preferred status. Alabama Medicaid should accept cost 
proposals from manufacturers to determine cost effective products and possibly designate one or more preferred 
brands.
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February 20, 2008 

 
 

I. Overview 
 

The amylinomimetics are a new American Hospital Formulary Service (AHFS) class that was established 
in February 2007.1 Pramlintide is the first amylinomimetic agent available in the Unites States (US) for 
treatment of diabetes. Pramlintide is a synthetic analog of the human hormone amylin. Amylin is 
cosecreted with insulin by the β-islet cells in the pancreas in response to food intake and has many actions 
in regulating blood glucose. Amylin affects blood glucose via three recognized mechanisms:2,3 

• Delays gastric emptying 
• Suppresses postprandial glucagon secretion and subsequently prevents glucose release from the 

liver 
• Decreases calorie intake through central mediation of appetite 

 
Table 1 lists the amylinomimetic agent included in this review. This review encompasses all dosage forms 
and strengths. 
 
Table 1. Amylinomimetics Included in this Review 

Generic Name Formulation(s) Example Brand Name(s) Current PDL 
Agent(s) 

pramlintide injection Symlin®, Symlinpen® none 
No generic products are available in this class.  

 
II. Evidence-Based Medicine and Current Treatment Guidelines 

 
Current treatment guidelines that incorporate the use of the amylinomimetics are summarized in Table 2. 
The International Diabetes Federation (IDF) diabetes treatment guidelines4 do not incorporate amylin 
analogs into their recommendations, although the recently published IDF guidelines for the management of 
postmeal glucose5 include amylin analogs as an available treatment option, along with the α-glucosidase 
inhibitors, dipeptidyl peptidase-4 [DPP-4] inhibitors, exenatide, insulins, and meglitinides for postmeal 
glucose management. For a more comprehensive overview of the treatment of diabetes, please refer to the 
Appendix.  
 

Table 2.  Treatment Guidelines Using the Amylinomimetics 
Clinical Guideline Recommendation(s) 

American Diabetes Association (ADA):  
Standards of Medical Care in 
Diabetes—20086 

Prevention of Type 2 Diabetes 
• Metformin should be the only drug considered for use in diabetes 

prevention. For other drugs, issues of side effects and lack of 
persistence of effect in some studies led the panel to not 
recommend their use for diabetes prevention. 

• In addition to lifestyle counseling, metformin may be considered 
in those who are at very high risk and who are obese and under 60 
years of age. 

 
Treatment of Type 2 Diabetes 
• Please see the following guideline (2006) and consensus statement 

update (2008) by the American Diabetes Association 
(ADA)/European Association for the Study of Diabetes (EASD).  
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Clinical Guideline Recommendation(s) 
American Diabetes Association 
(ADA)/European Association for the Study 
of Diabetes (EASD): 
Management of Hyperglycemia in Type 
2 Diabetes: A Consensus Algorithm for 
the Initiation and Adjustment of 
Therapy (2006)7 

• There is insufficient data to support recommending one class of 
agents or a combination of medications over others with regards to 
effects on complications. 

• Metformin, along with lifestyle intervention, should be the initial 
pharmacologic therapy in the absence of specific 
contraindications, when lifestyle intervention fails to achieve or 
maintain metabolic goals. 

• The guideline states that α-glucosidase inhibitors, exenatide, 
meglitinides, and pramlintide were not included in the treatment 
algorithm due to their generally lower overall glucose-lowering 
effectiveness and limited clinical data. However, these agents may 
be appropriate in selected patients. 

American Diabetes Association 
(ADA)/European Association for the Study 
of Diabetes (EASD):  
Management of Hyperglycemia in Type 
2 Diabetes Mellitus: A Consensus 
Algorithm for the Initiation and 
Adjustment of Therapy: Update 
Regarding the Thiazolidinediones 
(2008)8 

• The guideline states that α-glucosidase inhibitors, exenatide, 
meglitinides, pramlintide, and sitagliptin were not included in the 
treatment algorithm due to their generally lower overall glucose-
lowering effectiveness and limited clinical data. However, these 
agents may be appropriate in selected patients. 

American Association of Clinical 
Endocrinologists (AACE):  
Medical Guidelines for Clinical Practice 
for the Management of Diabetes 
Mellitus (2007)9 

Treatment of Type 1 Diabetic Patients  
• Initiate intensive insulin therapy with a long-acting insulin analog 

in combination with a rapid-acting insulin analog or inhaled 
insulin at meals or with a continuous subcutaneous insulin 
infusion with insulin pump. 

 
Treatment of Type 2 Diabetic Patients Currently Treated 
Pharmacologically 
• Pramlintide may be used in combination with prandial insulin. 

American College of Endocrinologists 
(ACE)/American Association of Clinical 
Endocrinologists (AACE), Diabetes Road 
Map Task Force:  
Road Maps to Achieve Glycemic 
Control in Type 2 Diabetes (2007)10 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic 
Therapy 
• In patients with an HbA1c of 8%-9%, combination therapies with 

basal insulin analogs, DPP-4 inhibitors, meglitinides, metformin, 
NPH insulin, prandial insulin, premixed insulin preparations, 
sulfonylureas, thiazolidinediones or other approved combinations 
may be used to achieve glycemic goals. If inadequate response 
following 2-3 months of adjustment: intensify lifestyle 
modifications and intensify or combine medications including 
potential use of amylin analog (with prandial insulin), incretin 
mimetic or prandial insulin. 

 
Treatment of Type 2 Diabetic Patients Currently Treated 
Pharmacologically 
• In patients with an HbA1c of 6.5%-8.5%, an amylin analog in 

combination with prandial insulin may be used to achieve 
glycemic goals. 

International Diabetes Federation (IDF) 
Clinical Guidelines Task Force:  
Global Guideline for Type 2 Diabetes 
(2005)4 

• This guideline does not discuss the role of pramlintide in the 
treatment of type 2 diabetes. 

Institute for Clinical Systems Improvement 
(ICSI):  
Healthcare Guideline: Management of 

• Combination therapy with oral agents may be required to achieve 
goals and the combination of multiple daily insulin injections and 
an amylin analog is listed as an option. 
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Clinical Guideline Recommendation(s) 
Type 2 Diabetes Mellitus (2006)11 • An amylin analog should only be considered in patients with 

insulin-using type 2 or type 1 diabetes who have failed to achieve 
adequate glycemic control despite individualized insulin 
management and are receiving ongoing care under the guidance of 
a health care professional skilled in the use of insulin and 
supported by the services of diabetes educator(s).  

• In regards to the weight gain associated with type 2 diabetes and 
its treatment, metformin, unless contraindicated, is recommended 
for most type 2 diabetic patients due to its weight benefits. Other 
agents associated with weight loss and maintenance includes 
acarbose, exenatide, and human amylin analogs.  

National Institute for Health and Clinical 
Excellence (NICE): 
Clinical Guidelines for Type 2 Diabetes: 
Management of Blood Glucose (2002)12 

• This guideline does not discuss the role of pramlintide in the 
treatment of type 2 diabetes. 

National Institute for Health and Clinical 
Excellence (NICE): 
Type 1 Diabetes: Diagnosis and 
Management of Type 1 Diabetes in 
Children, Young People and Adults 
(2004) 13 

• This guideline does not discuss the role of pramlintide in the 
treatment of type 1 diabetes. 

 
III. Indications  
 

Food and Drug Administration (FDA)-approved indications for the amylinomimetics are noted in Table 3. 
While agents within this therapeutic class may have demonstrated positive activity via in vitro trials, the 
clinical significance of this activity remains unknown until fully demonstrated in well-controlled, peer-
reviewed in vivo clinical trials. As such, this review and the recommendations provided are based 
exclusively upon the results of such clinical trials. 
 

Table 3.  FDA-Approved Indications for the Amylinomimetics2 

Drug FDA-Approved Indications  
Pramlintide Type 1 diabetes, as an adjunct treatment in patients who use mealtime insulin therapy and who have 

failed to achieve desired glucose control despite optimal insulin therapy. 
 
Type 2 diabetes, as an adjunct treatment in patients who use mealtime insulin therapy and who have 
failed to achieve desired glucose control despite optimal insulin therapy, with or without a concurrent 
sulfonylurea agent and/or metformin. 

 
IV. Pharmacokinetics 
  

The pharmacokinetic parameters for the amylinomimetics are summarized in Table 4.   
 
Table 4.  Pharmacokinetic Parameters of the Amylinomimetics2 

Drug Bioavailability 
(%) 

Protein Binding 
(%) 

Elimination 
(%) 

Active Metabolites Serum Half-
Life  

(hours) 
Pramlintide 30-40 Not reported* Primarily 

hepatic 
Des-lys pramlintide  
(2-37 pramlintide) 

0.8-0.92 

*Pramlintide does not bind extensively to albumin or blood cells, and approximately 40% of the drug is unbound in plasma. 
 

 
 



   

94 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

V. Drug Interactions 
  

No specific serious drug interactions with pramlintide have been reported by the manufacturers or 
documented in the literature.2,14 Due to its slowing effect on gastric emptying pramlintide may delay the 
absorption of oral medications administered concomitantly. The manufacturer recommends that caution be 
used for oral medications that require rapid gastrointestinal absorption or require threshold concentrations 
for efficacy (eg, oral contraceptives and antibiotics). Agents that require threshold concentrations for 
efficacy should be taken 1 hour prior or 2 hours after pramlintide administration.2 The manufacturer also 
recommends that pramlintide should not be considered for patients who are concomitantly taking agents 
that alter gastrointestinal motility as it may result in a synergistic effect (eg, anticholinergics).2  

 
VI. Adverse Drug Events 
 

The common adverse events associated with pramlintide are typically gastrointestinal in nature. The most 
common adverse reactions reported with the amylinomimetics are noted in Table 5.  
 
When used in conjunction with insulin, pramlintide can increase the risk of insulin-induced hypoglycemia 
particularly in type 1 diabetics. Severe hypoglycemia associated with pramlintide use is seen within 3 hours 
following administration. To minimize this risk, appropriate patient selection, patient education and insulin 
dose adjustments are necessary. This concern has led to a black box warning (see Table 6).2 
 
To minimize the risk of adverse events the manufacturer has recommended that patients with any of the 
following should not be considered for pramlintide therapy:2 

• Poor insulin compliance 
• Poor compliance with glucose self-monitoring 
• Glycosylated hemoglobin (HbA1c) >9% 
• Recurrent severe hypoglycemia requiring assistance in past 6 months 
• Hypoglycemic unawareness 
• Gastroparesis 
• Concurrent use or requirement of medications that promote gastrointestinal motility 
• Pediatric patients 

 
Table 5.  Adverse Drug Events (%) Reported with the Amylinomimetics2 

Adverse Event Pramlintide 
Central Nervous System 
Dizziness 5-6 
Fatigue 7 
Headache 13 
Gastrointestinal 
Abdominal pain 8 
Anorexia 9-17 
Nausea 28-48 
Vomiting 8-11 
Respiratory 
Coughing 6 
Pharyngitis 5 
Other 
Allergic reaction 6 
Arthralgia 7 
Inflicted injury 14 
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Table 6.  Black Box Warning for the Amylinomimetics2 
Warning 

Pramlintide is used with insulin and has been associated with an increased risk of insulin-induced severe 
hypoglycemia, particularly in patients with type 1 diabetes. When severe hypoglycemia associated with pramlintide 
use occurs, it is seen within 3 hours following a pramlintide injection. If severe hypoglycemia occurs while operating 
a motor vehicle, heavy machinery, or while engaging in other high-risk activities, serious injuries may occur. 
Appropriate patient selection, careful patient instruction, and insulin dose adjustments are critical elements for 
reducing this risk. 
 
VII. Dosing and Administration  
 

The usual dosing regimens for the amylinomimetics are summarized in Table 7. 
 

Table 7.  Usual Dosing for the Amylinomimetics2 

Drug Usual Adult Dose Usual Pediatric 
Dose 

Availability 

Pramlintide Type 1 diabetes: 
Initial: 15 μg administered subcutaneously immediately prior to 
major meals 
 
Maintenance: 30 to 60 μg administered subcutaneously 
immediately prior to major meals 
 
Type 2 diabetes: 
Initial: 60 μg administered subcutaneously immediately prior to 
major meals 
 
Maintenance: 120 μg administered subcutaneously immediately 
prior to major meals 

Safety and 
efficacy have not 
been established 
in pediatric 
patients. 

Pen: 
60 μg 
120 μg 
 
Vial: 
600 μg/mL 
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VIII. Effectiveness  
 

Pramlintide has not been directly compared to the other available treatments for type 1 or type 2 diabetes in clinical trials. Clinical studies evaluating the 
safety and efficacy of the amylinomimetics are summarized in Table 8. 

 
Table 8. Clinical Efficacy Studies Using the Amylinomimetics 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Type 1 Diabetes 
Edelman et al15 
 
Pramlintide 15 μg 
injections with meals, 
doses were titrated to 60 
μg with meals, with 
patients unable to achieve 
the 60 μg dose taking 30 
μg with meals (in addition 
to their existing insulin 
regimens) 
 
vs 
 
placebo (in addition to 
patients’ existing insulin 
regimens) 

DB, MC, PC, R 
 
Type 1 diabetic patients 
<18 years of age with 
an HbA1c of 7.5%-
9.0%, intensely or 
continuously treated 
with insulin for the past 
year, and with no 
severe hypoglycemic 
event over the 
preceding 6 months 

N=296 
 

29 weeks 

Primary: 
Safety 
 
Secondary: 
Change from 
baseline in HbA1c, 
postprandial 
glucose 
concentrations, and 
body weight 

Primary: 
Both treatment groups experienced a similar number of nonsevere 
hypoglycemic events. The event rate per patient years was 0.57 in the 
treatment group compared to 0.30 in the placebo group (P<0.05). 
 
Reduced appetite, vomiting, and sinusitis occurred at twice the level in 
the pramlintide group compared to the placebo group (P<0.01). 
 
Secondary: 
Between weeks 0-29 the reduction in body weight was significant in 
the pramlintide-treated patients compared to placebo (–1.3 kg vs 1.2 kg; 
P<0.0001). 
 
Among the pramlintide-treated patients, a greater number were able to 
achieve a postprandial glucose concentration of 9.9 mmol/L at 
breakfast (68% vs 51%), lunch (71% vs 61%), and dinner (70% vs 
58%; P<0.0001 for each meal). 
 
At 29 weeks the total insulin dose in the pramlintide group decreased 
by 12% compared to an increase of 1% in the placebo group. 

Whitehouse et al16 

 

Pramlintide 30 μg 
injections 4 times a day (in 
addition to their existing 
insulin regimens); after 20 
weeks, patients receiving 

DB, PC, RCT 
 
Type 1 diabetic 
patients; mean baseline 
HbA1c was 8.9% in the 
placebo treatment arm 
and 8.7% in the 

N=480 
 

52 weeks 
 

Primary:  
Effect on HbA1c 
from baseline to 
week 52 
 
Secondary:  
Effect on HbA1c 

Primary: 
Significantly greater reductions in HbA1c were observed with 
pramlintide (–0.39%) vs placebo (–0.12%; P=0.0071) at 52 weeks. 

 
Secondary: 
Significantly greater reduction in HbA1c with pramlintide was 
demonstrated at week 13 (–0.67% vs –0.16%; P<0.0001), week 26 (–
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

pramlintide who did not 
achieve an HbA1c 
reduction of ≥1% were 
randomized again to 
receive 30 μg or 60 μg 4 
times a day 
 
vs 
 
placebo (in addition to 
patients’ existing insulin 
regimens) 

pramlintide treatment 
arm 
 
Patients were excluded 
if they had clinically 
significant ischemic 
heart disease, 
hypertension, 
gastrointestinal disease, 
renal disease or 
unstable diabetic 
retinopathy. Patients 
were also excluded if 
they were treated with 
drugs that affected 
gastrointestinal motility 
or glucose metabolism. 

and body weight 
from baseline to 
weeks 13, 26, and 
52 

0.58% vs –0.18%; P=0.0001), and week 52 (–0.39% vs –0.12%; 
P=0.0071). 
 
The pramlintide group had sustained reduction in body weight that was 
significantly different from placebo (P<0.001) from week 13 onward. 
(Note: weight reduction was reported in graph format and precise 
weight reduction values were not reported.) 
 
The most commonly reported side effects with pramlintide were nausea 
(46.5% vs 21.9% in placebo; no P values reported) and anorexia 
(17.7% vs 2.1% in placebo; no P values reported). Withdrawal due to 
adverse event(s) occurred in 31 (12.8%) of pramlintide patients and 19 
(8.0%) placebo patients. 

Ratner, Dickey et al17 

 
Pramlintide 60 μg three 
times a day, 60 μg four 
times a day, or 90 μg 
pramlintide three times a 
day (in addition to 
patients’ existing insulin 
regimens) 
 
vs 
 
placebo (in addition to 
patients’ existing insulin 
regimens) 

DB, PC, RCT 
 
Type 1 diabetics, 
baseline HbA1c was 
9.0% in the placebo 
treatment arm and 8.9% 
in the pramlintide 
treatment arms 
 
Patients were excluded 
if they had clinically 
significant disorders of 
the cardiovascular, 
pulmonary, central 
nervous, 
gastrointestinal, renal 
or hematological 

N=651 
 

52 weeks 

Primary:  
Effect on HbA1c 
from baseline to 
week 26 
 
Secondary:  
Effect on HbA1c 
from baseline to 
weeks 26 and 52 
and percentage of 
patients achieving 
HbA1c<7% 

Primary: 
Significantly greater reductions in HbA1c were reported with 60 μg 
pramlintide three times a day vs placebo (–0.41% vs –0.18%; P=0.012) 
after 26 weeks. 
 
Significantly greater reductions in HbA1c were noted with 60 μg 
pramlintide four times a day vs placebo (–0.39% vs –0.18%; P=0.013) 
after 26 weeks. 
 

Secondary: 
Significantly greater reductions in HbA1c were observed with 60 μg 
pramlintide three times a day vs placebo (–0.29% vs –0.04%; P=0.011) 
after 52 weeks. 
 
Significantly greater reductions in HbA1c were reported with 60 μg 
pramlintide four times a day vs placebo (–0.34% vs –0.04%; P=0.001) 
after 52 weeks. 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

systems. Patients were 
also excluded if they 
had eating disorders, 
acute febrile illnesses, 
and alcohol/drug abuse 
or used medications 
that altered 
gastrointestinal motility 
or glucose metabolism.  
 

 
Threefold greater proportion of pramlintide-treated subjects reached 
HbA1c <7% compared to placebo. (Note: results were reported in graph 
format and precise values were not reported.) No P value was reported. 
 
The 90 μg pramlintide study arm was excluded from the analysis when 
results from a separate study indicated this dose had an adverse 
tolerability profile. Subjects assigned to this study arm continued to 
receive the 90 μg dose to preserve the study design. 
 
During the first 4 weeks of therapy, pramlintide-treated subjects had a 
4-fold increase in severe hypoglycemic event rate compared to placebo-
treated subjects (3.78 events/year vs 0.87 events/year; no P value 
reported). 
 
The most commonly reported side effect with pramlintide was nausea. 
Withdrawal due to adverse event(s) occurred in 38 (22.1%) of the 90 μg 
pramlintide three times a day patients, 22 (13.7%) of the 60 μg 
pramlintide four times a day patients, 32 (19.5%) of the 60 μg 
pramlintide three times a day and 6 (3.9%) placebo patients. 

Marrero et al18 
 
Pramlintide 15 μg 
injections with meals, 
doses were titrated to 60 
μg with meals with 
patients unable to achieve 
the 60 μg dose taking 30 
μg with meals (in addition 
to their existing insulin 
regimens) 
 
vs 
 

Post hoc analysis 
 
Type 1 diabetic patients 
who completed a 29-
week double blind, 
noninferiority 
pramlintide dose-
titration trial, who were 
intensely or 
continuously treated 
with insulin 

N=266 
 

Surveys 
completed at 

end of 29-
week trial 

Primary: 
Patient response to 
satisfaction 
questionnaire 
 
Secondary: 
Not reported 

Primary: 
For the following topics the survey ratings favored the pramlintide 
treatment: Study medication (1) “made my blood glucose control more 
even or predictable,” (2) “provided me with more flexibility in what I 
can eat,” (3) “made it easier to control my weight,” and (4) “made it 
easier to control my appetite” (P<0.05 for all). 
 
There was no significant difference between treatment groups in the 
response to the following statements: Study medication (1) “made it 
easier to avoid low blood sugar reactions (hypoglycemia),” and (2) “I 
would like to continue taking the study medication” (P=NS for both). 
 
Secondary: 
Not reported 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

placebo (in addition to 
their existing insulin 
regimen) 
Ratner, Whitehouse et al19 
 
Pramlintide (in addition to 
patients’ existing insulin 
regimens) 
 
vs 
 
placebo (in addition to 
patients’ existing insulin 
regimens) 

MA 
 
Pooled analysis from 3 
trials of patients with 
Type 1 diabetes and an 
HbA1c of 7.0%-8.5% 

N=477 
 

26 weeks 

Primary: 
Change from 
baseline in HbA1c, 
body weight, 
adverse events 
(hypoglycemia) 
 
Secondary: 
Not reported 

Primary: 
Significant reductions in HbA1c (0.3%) and body weight (1.8 kg) from 
baseline to end point were noted in the pramlintide treatment group 
(P<0.0009 for both). 
  
The risk of severe hypoglycemia was 1.40 in the pramlintide group 
compared to 1.86 in the placebo group. 
 
Secondary: 
Not reported 

Type 2 Diabetes 
Karl et al20 
 
Pramlintide 120 μg 
immediately prior to major 
meals (3 times or twice 
daily depending on eating 
habits and in addition to 
patients’ existing insulin 
regimens) 
 

MC, OL 
 
Men and women >18 
years of age with type 2 
diabetes currently 
taking insulin therapy 
with or without oral 
antidiabetics, with an 
HbA1c >7% and <11%  

N=166 
 

12 months 
(all results 

reported at 6 
months) 

Primary: 
Change in HbA1c, 
fasting and 
postprandial 
glucose, body 
weight and insulin 
doses from 
baseline, safety 
 
Secondary: 
Not reported 

Primary: 
Pramlintide resulted in significant HbA1c reductions at 3 and 6 months 
(–0.66% and –0.56%; P<0.05). 
 
At some point during the initial 6 months after initiating therapy, 28.1% 
of the patients who originally had an HbA1c >7% achieved an HbA1c 
<7%. 
 
Compared to baseline, both fasting and postprandial glucose 
concentrations were significantly reduced (P<0.05).  
 
Significant reductions in weight were noted at 3 and 6 months (–2.3 kg 
and –2.8 kg; P<0.05). 
 
At both 3 and 6 months, mealtime and total insulin doses remained 
significantly lower compared to baseline (P<0.05). 
 
Nausea (29.5%), vomiting (7.2%), and diarrhea (5.4%) were the most 
common adverse events reported.  
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and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

 
There was an overall incidence of 12% for hypoglycemia, with 2 
patients experiencing severe hypoglycemia during the 6-month 
treatment period. 
  
Secondary: 
Not reported 

Ratner, Want et al21 

 
Pramlintide 30 μg three 
times a day, pramlintide 
75 μg three times a day, or 
pramlintide 150 μg three 
times a day (in addition to 
patients’ existing insulin 
regimens) 
 
vs 
 
placebo (in addition to 
patients’ existing insulin 
regimens) 
 
 

DB, PC, RCT 
 
Type 2 diabetic 
patients; baseline 
HbA1c was 9.2% for 
placebo, 9.0% for 30 μg 
pramlintide, 9.3% for 
75 μg pramlintide, and 
9.2% for 150 μg 
pramlintide 
 
Patients were excluded 
if they had a history of 
ischemic heart disease, 
uncontrolled 
hypertension, 
gastrointestinal disease 
or unstable diabetic 
retinopathy. Patients 
were also excluded if 
they were treated with 
medications that altered 
gastrointestinal motility 
or glucose metabolism.  
 
 

N=538 
 

52 weeks 
 

Primary:  
Change in HbA1c 
and body weight 
from baseline to 
weeks 13, 26 and 
52 
 
Secondary:  
Percentage of 
patients achieving 
HbA1c<7% or 8% 
and relative change 
of insulin use 

Primary: 
Significantly greater reductions in HbA1c were observed with 75 μg 
pramlintide 3 times a day vs placebo (–0.9%; P=0.0004) after 13 
weeks. HbA1c was significantly lower for the majority of the study 
periods with the exception of week 52. 
 
Significantly greater reductions in HbA1c were noted with 150 μg 
pramlintide 3 times a day vs placebo (–1.0%; P=0.0002). After 13 
weeks, HbA1c remained significantly lower for the rest of the study (–
0.6%; P=0.0068). 
 
Reduction in HbA1c in the 30 μg pramlintide 3 times a day group was 
not significant at any point during the study when compared to placebo. 
 
Significant (P<0.05) reductions in body weight were noted for all 
pramlintide groups throughout the study when compared to placebo. 
 
Secondary: 
The proportions of patients achieving HbA1c<7% were 12.7% in the 30 
μg pramlintide group, 13.4% in the 75 μg pramlintide group, 19.2% in 
the 150 μg pramlintide group, and 11.1% in the placebo group (no P 
values reported).  

 
The proportions of patients achieving HbA1c<8% were 45.1% in the 30 
μg pramlintide group, 46.4% in the 75 μg pramlintide group, 54.0% in 
the 150 μg pramlintide group (no P value reported), and 37.6% in the 
placebo group (no P values reported). 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

 
Insulin use increased in all study groups: for the pramlintide groups 
insulin use increased by 7.9%-10.9%, while insulin use increased 
15.4% in the placebo group (no P values reported). 
 

The most commonly reported side effect with pramlintide was nausea. 
Hollander, Ratner et al22 
 
Pramlintide 120 μg twice a 
day (in addition to 
patients’ existing insulin 
regimen) 
 
vs 
 
placebo (in addition to 
patients’ existing insulin 
regimen) 

Post hoc analysis 
 
Type 2 diabetic patients 
who completed a 26-
week or 52-week 
double-blind, 
randomized, placebo-
controlled trial; 
baseline HbA1c was 
7.0% to 8.5%  

N=186 
 

26 weeks 
and  

52 weeks 

Primary: 
Change from 
baseline to week 
26 in HbA1c, body 
weight, insulin use, 
and the rate of 
severe 
hypoglycemia 
 
Secondary: 
Not reported 

Primary: 
The proportion of patients who achieved an HbA1c<7.0% at week 26 
was 14% in the pramlintide-treated group compared to 2% in the 
placebo group. P value was not reported. 
 
At week 26 the difference in HbA1c decrease in the pramlintide group 
compared to the placebo group was 0.43% (P<0.0009). 
 
At week 26 the difference in weight decrease in the pramlintide group 
compared to the placebo group was 2.0 kg (P<0.0003). 
 
No significant change in insulin dose or number of insulin injections 
was noted between the treatment groups. 
 
At week 26 no significant difference was noted between the treatment 
groups in rates of severe hypoglycemia as reported in event rate per 
subject year (0.13 for pramlintide to 0.19 for placebo). 
 
No serious adverse events were reported in either treatment group. 
 
Secondary: 
Not reported 

Maggs et al23 
 
Pramlintide 120 μg twice 
daily, or pramlintide 150 
μg three times a day (in 
addition to patients’ 

Post hoc analysis 
 
Type 2 diabetic patients 
who completed a 52-
week double-blind, 
randomized, placebo- 

N=410 
 

52 weeks 

Primary: 
Change from 
baseline to week 
52 in HbA1c and 
weight, safety 
 

Primary: 
A significantly greater reduction from baseline in HbA1c was seen in 
the pramlintide group compared to placebo (P<0.0001). This result was 
seen across different ethnic groups: African Americans (–0.7%), 
Caucasians (–0.5%), and Hispanics (–0.3%). 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

existing insulin regimen) 
 
vs 
 
placebo (in addition to 
patients’ existing insulin 
regimen) 

controlled trial Secondary: 
Not reported 

A significant reduction from baseline in body weight was seen in the 
pramlintide group compared to the placebo group at week 52 (–2.6 kg; 
P<0.0001). 
 
Nausea was more common in the pramlintide group and hypoglycemia 
was reported to a similar extent between the two treatment groups. 
 
Secondary: 
Not reported 

Hollander, Maggs et al24 
 
Pramlintide 120 μg twice a 
day (in addition to 
patients’ existing insulin 
regimen) 
 
vs 
 
placebo (in addition to 
patients’ existing insulin 
regimen) 

Post hoc analysis 
 
Type 2 diabetic patients 
who completed a 26-
week or 52-week 
double-blind, 
randomized, placebo- 
controlled trial 

N=498 
 

26 weeks 
and  

52 weeks 

Primary: 
Body weight, total 
daily insulin use, 
change in HbA1c 
from baseline 
 
Secondary: 
Not reported 

Primary: 
From baseline to week 26 pramlintide-treated patients achieved a 
significant mean reduction in HbA1c compared with placebo-treated 
patients (0.59% vs 0.18%; P<0.0001). 
 
No significant difference in change in total daily insulin requirements 
was seen between the two treatment groups. 
 
From baseline to week 26 pramlintide-treated patients achieved a 
significant weight reduction compared with placebo-treated patients (–
1.5 kg vs 0.3 kg; P<0.0001). 
 
Secondary: 
Not reported 

Study abbreviations: DB=double-blind, MC=multi-center, MA=meta-analysis, OL=open label, PC=placebo-controlled, R=randomized, RCT=randomized controlled trial 
Miscellaneous abbreviation: HbA1c=glycosylated hemoglobin A1c 
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Additional Evidence 
 

Dose Simplification  
An evidence-based medicine literature search did not reveal data pertinent to this topic. 

 
Stable Therapy  
An evidence-based medicine literature search did not reveal data pertinent to this topic. 

  
Impact on Physician Visits  
An evidence-based medicine literature search did not reveal data pertinent to this topic. 

 
IX. Cost 

 
A “relative cost index” is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For branded products with little 
or no recent utilization data, the average cost per prescription is calculated by the average wholesale price (AWP) 
and the standard daily dosing per product labeling. For generic products with little or no recent utilization data, the 
average cost per prescription is calculated by the Alabama Medicaid maximum allowable cost (MAC) and the 
standard daily dosage per product labeling. Please note that the relative cost index does not factor in additional 
cost offsets available to the Alabama Medicaid program via pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 

 
Relative Cost Index Scale  
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 
Rx=prescription 

 
Table 9. Relative Cost of the Amylinomimetics 

Generic Name Formulation(s) Example Brand 
Name(s) 

Brand Cost Generic Cost 

pramlintide injection Symlin®, 
Symlinpen® 

$$$$$ N/A 

No generic products are available in this class.  
N/A=not available. 

 
X. Conclusions 

 
Pramlintide is the first commercially available amylinomimetic agent and is indicated as adjunctive therapy to 
mealtime insulin for the management of diabetes. In clinical trials, pramlintide has been shown to decrease HbA1c 
compared to placebo in patients with type 1 or type 2 diabetes who are already receiving insulin. In addition, 
pramlintide was associated with reductions in insulin use and appears to promote weight loss. Pramlintide has not 
been directly compared to other therapies for the treatment of diabetes. 
  
Currently, the use of pramlintide is addressed in a few consensus treatment guidelines. The ADA/EASD notes that 
for the initiation and adjustment of therapy that pramlintide (as well as other agents) was not included in the 
treatment algorithm due to its generally lower overall glucose-lowering effectiveness and limited clinical data, but 
may be appropriate in selected patients.7 The AACE lists pramlintide when used in combination with prandial 
insulin as a treatment option for type 2 diabetic patients currently treated pharmacologically yet not controlled.9 
The ACE/AACE Diabetes Road Map lists amylin analog (with prandial insulin) as a treatment option in patients 
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with an HbA1c of 8%-9%, with an inadequate response on their current treatment. The Road Map also states that in 
type 2 diabetic patients currently treated pharmacologically with an HbA1c of 6.5%-8.5%, an amylin analog in 
combination with prandial insulin may be used to achieve glycemic goals.10 The ICSI states that combination 
therapy with oral agents may be required to achieve glycemic goals and the combination of multiple daily insulin 
injections and an amylin analog is an acceptable option. However, amylin analogs should only be considered in 
patients with insulin-using type 2 or type 1 diabetes who have failed to achieve adequate glycemic control despite 
individualized insulin management and are receiving ongoing care under the guidance of a health care professional 
skilled in the use of insulin and supported by the services of a diabetes educator(s).11 The use of pramlintide for the 
treatment of diabetes was not incorporated into a number of other treatment guidelines as it had not been approved 
at the time of publication.4,6,8,12-13 
 
Though pramlintide itself does not cause hypoglycemia, in clinical trials an increased risk of serious hypoglycemic 
episodes was observed. To minimize this risk, patients must be carefully selected, proper patient education must be 
provided and glucose and insulin dose must be carefully monitored.2 The optimal use of pramlintide for the 
management of diabetes appears to be limited to a selected group of patients. Appropriate patient populations 
would include patients with insulin-using type 2 or type 1 diabetes who have failed to achieve adequate glycemic 
control despite individualized insulin management and are receiving ongoing care under the guidance of a health 
care professional skilled in the use of insulin and supported by the services of a diabetes educator(s).2 In addition, 
pramlintide can potentially be used off label, such as for weight loss in nondiabetic patients and for management 
of diabetes in patients not currently using insulin. To minimize both off-label use and the risk of severe 
hypoglycemia, pramlintide should be reserved for use in diabetic patients, following careful screening, who have 
not achieved adequate glycemic control with insulin therapy.  
 
Therefore, all brand products within the class review are comparable to each other and to the generics and over-
the-counter products in this class and offer no significant clinical advantage over other alternatives in general use. 
Since this agent is only indicated for adjunctive therapy, it is advisable that it be managed through the existing 
medical justification portion of the prior-authorization process.  

 
XI. Recommendations 
 

No brand amylinomimetic is recommended for preferred status. Alabama Medicaid should accept cost proposals 
from manufacturers to determine cost effective products and possibly designate one or more preferred agents. 
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Pharmacy and Therapeutics Committee Meeting 

Pharmacotherapy Review of Biguanides 
AHFS Class 682004 
February 20, 2008 

 
 

I. Overview 
 
The biguanides class consists of one biguanide, metformin.1 Metformin has been widely used in Europe since the 
1950s; however, it was not approved in the United States (US) until December 1994.2 Metformin is not chemically 
related to any other oral antihyperglycemic agent and has a unique pharmacologic mechanism of action. 
Metformin improves glucose tolerance in patients with type 2 diabetes by lowering both basal and postprandial 
plasma glucose.3-7 Metformin is effective only in the presence of insulin.8 It decreases hepatic glucose production, 
decreases intestinal absorption of glucose, and improves insulin sensitivity by increasing peripheral glucose uptake 
and utilization.3-7 

 
The biguanides that are included in this review are listed in Table 1. This review encompasses all dosage forms 
and strengths. The oral tablet formulations of metformin are available generically.  

 
Table 1.  Biguanides Included in this Review 
Generic Name Formulation(s) Example Brand Name(s) Current PDL Agent(s) 

metformin  oral solution, tablet, 
sustained-release tablet 

Fortamet®, Glucophage®*, 
Glucophage XR®*, Glumetza®, 
Riomet® 

metformin 

*Generic is available in at least one dosage form or strength. 
 
II. Evidence-Based Medicine and Current Treatment Guidelines 

 
Current treatment guidelines that incorporate the use of the biguanides are summarized in Table 2. For a more 
comprehensive overview of the treatment of diabetes, please refer to the Appendix. 
 

Table 2.  Treatment Guidelines Using the Biguanides 
Clinical Guideline Recommendation(s) 

American Diabetes Association 
(ADA):  
Standards of Medical Care in 
Diabetes—20089 

Prevention of Type 2 Diabetes 
• Metformin should be the only drug considered for use in diabetes prevention. For 

other drugs, issues of side effects and lack of persistence of effect in some studies 
led the panel to not recommend their use for diabetes prevention. 

• In addition to lifestyle counseling, metformin may be considered in those who are at 
very high risk and who are obese and under 60 years of age. 

 
Treatment of Type 2 Diabetes 
• Please see the following guideline (2006) and consensus statement update (2008) by 

the American Diabetes Association (ADA)/European Association for the Study of 
Diabetes (EASD).  

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD): 
Management of Hyperglycemia 
in Type 2 Diabetes: A 
Consensus Algorithm for the 
Initiation and Adjustment of 
Therapy (2006)10 

• There is insufficient data to support recommending one class of agents or a 
combination of medications over others with regards to effects on complications. 

• Metformin, along with lifestyle intervention, should be the initial pharmacologic 
therapy in the absence of specific contraindications, when lifestyle intervention fails 
to achieve or maintain metabolic goals. 

• If lifestyle intervention and maximally tolerated doses of metformin fail to achieve 
glycemic goals, another medication should be added within 2-3 months of therapy 
initiation or whenever HbA1c goal is not achieved. Second-line pharmacologic 
therapies may include insulin, a sulfonylurea or a thiazolidinedione. 



   

108 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Clinical Guideline Recommendation(s) 
• When more than one antihyperglycemic medication is used, the synergy of 

particular combinations and other interactions should be considered. Insulin in 
combination with metformin or a thiazolidinedione is particularly effective in 
lowering HbA1c. The combination of metformin and a thiazolidinedione has modest 
additive effects in lowering HbA1c. 

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD):  
Management of Hyperglycemia 
in Type 2 Diabetes Mellitus: A 
Consensus Algorithm for the 
Initiation and Adjustment of 
Therapy: Update Regarding the 
Thiazolidinediones (2008)11 

• Metformin, along with lifestyle intervention, should be the initial pharmacologic 
therapy in the absence of specific contraindications, when lifestyle intervention fails 
to achieve or maintain metabolic goals. 

American Association of Clinical 
Endocrinologists (AACE):  
Medical Guidelines for Clinical 
Practice for the Management of 
Diabetes Mellitus (2007)12 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, initiate monotherapy with α-glucosidase 

inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors, metformin, secretagogues 
(meglitinides or sulfonylureas) or thiazolidinediones. 

• In patients with an HbA1c of 7%-8%, initiate combination therapy. Regimens may 
include metformin combined with a secretagogue (concurrent therapy or fixed-dose 
regimens), thiazolidinedione (concurrent therapy or fixed-dose regimens), a DPP-4 
inhibitor, or a secretagogue plus a thiazolidinedione. 

• In patients with an HbA1c of 8%-10%, initiate/intensify combination therapy to 
address fasting and postprandial glucose levels. 

 
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• The combination therapies listed for patients naïve to therapy are appropriate for 

patients being treated pharmacologically.  
• Additionally, exenatide may be combined with approved oral therapies, including 

metformin and metformin plus a secretagogue in patients who have not achieved 
glycemic goals.  

American College of 
Endocrinologists 
(ACE)/American Association of 
Clinical Endocrinologists 
(AACE), Diabetes Road Map 
Task Force:  
Road Maps to Achieve 
Glycemic Control in Type 2 
Diabetes (2007)13 

Prevention of Type 2 Diabetes 
• Metformin is listed as treatment options for the prevention of type 2 diabetes; 

although, it is not approved by the Food and Drug Administration for this use. 
 
Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, the following are preferred as initial therapy: 

α-glucosidase inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors, metformin or 
thiazolidinediones. (Note: the road map cites a recent report that suggests a possible 
link of rosiglitazone to cardiovascular events and requires further evaluation.) 

• In patients with an HbA1c of 7%-8%, metformin may be combined with an α-
glucosidase inhibitor, a DPP-4 inhibitor, a meglitinide, a sulfonylurea or a 
thiazolidinedione to achieve glycemic goals. Two or more agents may be required. 

• In patients with an HbA1c of 8%-9%, metformin may be combined with a basal 
insulin analog, a DPP-4 inhibitor, a meglitinide, NPH insulin, a prandial insulin, 
premixed insulin preparations, a sulfonylurea, a thiazolidinedione or other approved 
combinations to achieve glycemic goals. 

• In patients with an HbA1c of 9%-10%, metformin may be combined with a basal 
insulin analog, a meglitinide, NPH insulin, prandial insulin, premixed insulin 
preparations, a sulfonylurea, a thiazolidinedione or other approved combinations to 
achieve glycemic goals. 

  
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• In patients with an HbA1c of 6.5%-8.5%, metformin may be added to an α-
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Clinical Guideline Recommendation(s) 
glucosidase inhibitor, a DPP-4 inhibitor, a meglitinide, a sulfonylurea, a 
thiazolidinedione, an incretin mimetic in combination with a sulfonylurea or a 
thiazolidinedione, an incretin mimetic in combination with a sulfonylurea and 
thiazolidinedione, or insulin to achieve glycemic goals. 

International Diabetes Federation 
(IDF) Clinical Guidelines Task 
Force:  
Global Guideline for Type 2 
Diabetes (2005)14 

• Metformin should be considered first-line therapy unless contraindicated. 

Institute for Clinical Systems 
Improvement (ICSI):  
Healthcare Guideline: 
Management of Type 2 Diabetes 
Mellitus (2006)15 

• Metformin is considered the preferred agent if not contraindicated.  
 

National Institute for Health and 
Clinical Excellence (NICE): 
Clinical Guidelines for Type 2 
Diabetes: Management of Blood 
Glucose (2002)16 

• Metformin is considered first-line therapy in overweight patients with a body mass 
index (BMI) >25 kg/m2 inadequately controlled on lifestyle management alone and 
as first-line or combination therapy for nonoverweight patients. 

 
III. Indications 
 

Food and Drug Administration (FDA)-approved indications for the biguanides are noted in Table 3. While agents 
within this therapeutic class may have demonstrated positive activity via in vitro trials, the clinical significance of 
this activity remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo clinical trials. As 
such, this review and the recommendations provided are based exclusively upon the results of such clinical trials. 

 
Table 3.  FDA-Approved Indications for the Biguanides3-7 

Indication Metformin 
Monotherapy as adjunct to diet and exercise in patients with type 2 diabetes who are 10 years of age and older a* 
Monotherapy as adjunct to diet and exercise in patients with type 2 diabetes who are 17 years of age and older a† 
Monotherapy as adjunct to diet and exercise in patients with type 2 diabetes who are 18 years of age and older  a‡ 
Combination therapy with a sulfonylurea or insulin in patients with type 2 diabetes who are 17 years of age 
and older 

a§ 

Combination therapy with a sulfonylurea or insulin in patients with type 2 diabetes who are 18 years of age 
and older 

a‡ 

*Metformin immediate-release tablets and solution only 
†Metformin extended-release tablets (except Glumetza®)  
‡Metformin extended-release tablets (Glumetza®) 
§All metformin formulations except for Glumetza® 

 

IV. Pharmacokinetics  
 

The rate and extent of absorption (Cmax, AUC0-t , and AUC0-∞) of metformin oral solution (Riomet®) was found to 
be bioequivalent to that of metformin tablets (Glucophage®) under fasting or fed conditions, according to multiple 
pharmacokinetic studies.5 The pharmacokinetic parameters of the biguanides are noted in Table 4.  

 
Table 4.  Pharmacokinetic Parameters of the Biguanides3-7 

Drug Bioavailability 
(%) 

Protein Binding 
(%) 

Elimination (%) Active 
Metabolites 

Serum Half-Life  
(hours) 

Metformin 50%-60% 
under fasting 
conditions* 

Negligible ~90% of absorbed drug is 
renally eliminated unchanged in 

the urine 

None 17.6 hours (in blood), 
6.2 hours (in plasma) 

*Metformin immediate-release tablets 
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V. Drug Interactions 
 

Significant drug interactions with the biguanides are noted in Table 5.  
 
Table 5.  Significant Drug-Drug Interactions with the Biguanides17 

Drug(s) Significance 
Level 

Interaction Mechanism 

Metformin 1 Iodinated contrast 
materials, parenteral 

Iodinated contrast materials-induced renal failure can interfere with the 
renal elimination of metformin; therefore, there is an increased risk of 
metformin-induced lactic acidosis. 

Significance Level 1=major severity 
Significance Level 2=moderate severity 
 
VI. Adverse Drug Events 
 

Adverse drug reactions for the biguanides are noted in Table 6. All brand and generic metformin preparations 
marketed in the US bear a boxed warning mandated by the FDA regarding the risk of lactic acidosis, a rare but 
serious adverse event. This boxed warning appears in Table 7.  
 

Table 6.  Adverse Drug Events (%) Associated with the Biguanides3-7 

Adverse Event(s) Metformin  
Immediate-Release 

and Solution 

Metformin  
Sustained-Release 

Metformin  
Sustained-Release 

(Glumetza®) 
Cardiovascular 
Chest discomfort 1-5 - 1-5 
Hypertension - - 1-5 
Palpitations 1-5 - - 
Central Nervous System 
Asthenia 9.2 - 1-5 
Dizziness - 1-5 1-5 
Headache 5.1-5.7 4.7-5 1-5 
Lightheadedness 1-5 - - 
Gastrointestinal 
Abdominal discomfort 4.4-6.4 3.3 - 
Abdominal pain - 1-5 1-5 
Abnormal stools 1-5 - 1-5 
Constipation - 1-5 - 
Diarrhea 11.9-53.2 9.6-16.7 12.5 
Distention abdomen - 1-5 1-5 
Dyspepsia/heartburn 1-5.1 - 1-5 
Flatulence 3.7-12.1 1-5 1-5 
Indigestion 7.1 - - 
Loose stools - - 1-5 
Nausea/vomiting 7.4-25.5 6.5-8.5 6.7 
Respiratory 
Dyspnea 1-5 - - 
Rhinitis 5.6 4.2 - 
Upper respiratory infection - 1-5 1-5 
Miscellaneous 
Accidental injury 5.6 7.3 - 
Chills 1-5 - - 
Contusion - - 1-5 
Ear pain - - 1-5 
Flu syndrome 1-5 - 1-5 
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Adverse Event(s) Metformin  
Immediate-Release 

and Solution 

Metformin  
Sustained-Release 

Metformin  
Sustained-Release 

(Glumetza®) 
Hypoglycemia 1-5 - 13.7 
Increased sweating 1-5 - - 
Infection 20.9 20.5 1-5 
Myalgia 1-5 - 1-5 
Nail disorder 1-5 - - 
Rash 1-5 - - 
Seasonal allergy - - 1-5 
Taste disorder 1-5 1-5 - 
Toothache - - 1-5 
Tonsillitis - - 1-5 
Tremor - - 1-5 
- Event not reported or incidence <1% 
 
Table 7. Black Box Warning for Metformin 

WARNING 
Lactic Acidosis: 
Lactic acidosis is a rare, but serious, metabolic complication that can occur due to metformin accumulation during treatment 
with metformin; when it occurs, it is fatal in approximately 50% of cases. Lactic acidosis may also occur in association with a 
number of pathophysiologic conditions, including diabetes mellitus, and whenever there is significant tissue hypoperfusion 
and hypoxemia. Lactic acidosis is characterized by elevated blood lactate levels (>5 mmol/L), decreased blood pH, electrolyte 
disturbances with an increased anion gap, and an increased lactate/pyruvate ratio. When metformin is implicated as the cause 
of lactic acidosis, metformin plasma levels >5 μg/mL are generally found. 
The reported incidence of lactic acidosis in patients receiving metformin hydrochloride is very low (approximately 0.03 
cases/1000 patient-years, with approximately 0.015 fatal cases/1000 patient-years). In more than 20,000 patient-years 
exposure to metformin in clinical trials, there were no reports of lactic acidosis. Reported cases have occurred primarily in 
diabetic patients with significant renal insufficiency, including both intrinsic renal disease and renal hypoperfusion, often in 
the setting of multiple concomitant medical/surgical problems and multiple concomitant medications. Patients with congestive 
heart failure requiring pharmacologic management, in particular those with unstable or acute congestive heart failure who are 
at risk of hypoperfusion and hypoxemia, are at increased risk of lactic acidosis. The risk of lactic acidosis increases with the 
degree of renal dysfunction and the patient’s age. The risk of lactic acidosis may, therefore, be significantly decreased by 
regular monitoring of renal function in patients taking metformin and by use of the minimum effective dose of metformin. In 
particular, treatment of the elderly should be accompanied by careful monitoring of renal function. Metformin treatment 
should not be initiated in patients ≥80 years of age unless measurement of creatinine clearance demonstrates that renal 
function is not reduced, as these patients are more susceptible to developing lactic acidosis. In addition, metformin should be 
promptly withheld in the presence of any condition associated with hypoxemia, dehydration, or sepsis. Because impaired 
hepatic function may significantly limit the ability to clear lactate, metformin should generally be avoided in patients with 
clinical or laboratory evidence of hepatic disease. Patients should be cautioned against excessive alcohol intake, either acute or 
chronic, when taking metformin, since alcohol potentiates the effects of metformin hydrochloride on lactate metabolism. In 
addition, metformin should be temporarily discontinued prior to any intravascular radiocontrast study and for any surgical 
procedure (see also PRECAUTIONS).  
The onset of lactic acidosis often is subtle, and accompanied only by nonspecific symptoms such as malaise, myalgias, 
respiratory distress, increasing somnolence, and nonspecific abdominal distress. There may be associated hypothermia, 
hypotension, and resistant bradyarrhythmias with more marked acidosis. The patient and the patient’s physician must be 
aware of the possible importance of such symptoms and the patient should be instructed to notify the physician immediately if 
they occur (see also PRECAUTIONS). 
Metformin should be withdrawn until the situation is clarified. Serum electrolytes, ketones, blood glucose, and if indicated, 
blood pH, lactate levels, and even blood metformin levels may be useful. Once a patient is stabilized on any dose level of 
metformin, gastrointestinal symptoms, which are common during initiation of therapy, are unlikely to be drug related. Later 
occurrence of gastrointestinal symptoms could be due to lactic acidosis or other serious disease.  
Levels of fasting venous plasma lactate above the upper limit of normal but less than 5 mmol/L in patients taking metformin 
do not necessarily indicate impending lactic acidosis and may be explainable by other mechanisms, such as poorly controlled 
diabetes or obesity, vigorous physical activity, or technical problems in sample handling. (See also PRECAUTIONS.)  
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WARNING 
Lactic acidosis should be suspected in any diabetic patient with metabolic acidosis lacking evidence of ketoacidosis (ketonuria 
and ketonemia).  
Lactic acidosis is a medical emergency that must be treated in a hospital setting. In a patient with lactic acidosis who is taking 
metformin, the drug should be discontinued immediately and general supportive measures promptly instituted. Because 
metformin hydrochloride is dialyzable (with a clearance of up to 170 mL/min under good hemodynamic conditions), prompt 
hemodialysis is recommended to correct the acidosis and remove the accumulated metformin. Such management often results 
in prompt reversal of symptoms and recovery. (See also CONTRAINDICATIONS and PRECAUTIONS.)  
 
VII. Dosing and Administration 
 

The usual dosing regimens for the biguanides are summarized in Table 8.  
 
Table 8.  Usual Dosing for the Biguanides3-7 

Drug(s) Usual Adult Dose* Usual Pediatric Dose† Availability 
Metformin 
 

Immediate-release tablet and solution: 
Initial: 500 mg twice a day or 850 mg once daily 
with meals 
 
Maximum: 2,550 mg daily in divided doses with 
meals (doses greater than 2,000 mg daily may be 
better tolerated given three times daily with meals) 
 
Sustained-release tablet: 
Initial: 500 to 1,000 mg once daily with evening 
meal 
 
Maximum: 2,500 mg once daily with evening meal 

Immediate-release tablet 
and solution: 
Initial: 500 mg twice a 
day with meals 
 
Maximum: 2,000 mg a 
day with meals given in 
divided doses 
 
Sustained-release tablet: 
Safety and effectiveness 
have not been established 
in patients less than 17 
years of age 

Immediate-release tablet:  
500 mg 
850 mg 
1,000 mg 
 
Oral solution:  
500 mg/5 mL 
 
Sustained-release tablet: 
500 mg 
750 mg 
1,000 mg 

*Adult patients aged 17 and older 
†Pediatric patients from 10 to 16 years of age 
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VIII. Effectiveness  
 

Clinical studies evaluating the safety and efficacy of the biguanides are summarized in Table 9. 
 
Table 9.  Clinical Efficacy Studies Using the Biguanides 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Type 2 Diabetes 
Bolen et al18 

 

Biguanides 
 
vs 
 
meglitinides 
 
vs 
 
thiazolidinediones 
 
vs 
 
alpha-glucosidase 
inhibitors 
 
vs 
 
second-generation 
sulfonylureas 

Systematic review 
 
Analysis of 216 
controlled trials and 
cohort studies, and 2 
systemic reviews 
that addressed 
benefits and harms 
of oral diabetes drug 
classes in patients 
with type 2 diabetes 
 
Studies were 
included if the drugs 
were not available in 
the US market if 
members of their 
class were in use 
and had not been 
banned (voglibose†, 
gliclazide†, and 
glibenclamide*), 
monotherapy 
therapies and 
combination 
therapies that are 
commonly used 
(metformin, second-
generation 
sulfonylureas, and 

N=136 
(articles on 

intermediate 
outcomes) 

 
N=167 

(articles on 
adverse 
events) 

 
N=68 (articles 

on 
microvascular 
outcomes and 

mortality) 
 

Varied 
duration 

Primary: 
Intermediate 
outcomes: HbA1c 
level, body weight, 
blood pressure and 
lipid panels, all-
cause mortality, 
cardiovascular 
morbidity and 
mortality and 
microvascular 
outcomes 
 
Secondary: 
Adverse events: 
hypoglycemia, 
gastrointestinal 
problems, 
congestive heart 
failure, edema or 
hypervolemia, lactic 
acidosis, elevated 
liver enzymes, 
allergic reactions 
requiring 
hospitalization and 
other serious 
adverse events 
 
 

Primary: 
Results from clinical trials showed that most oral agents including 
thiazolidinediones, metformin, and repaglinide improved glycemic control to 
the same degree as sulfonylureas (absolute decrease in HbA1c level of about 
1%) (moderate-to-high strength of evidence). Nateglinide and alpha-
glucosidase inhibitors have slightly weaker effects, on the basis of indirect 
comparisons of placebo-controlled trials (low strength of evidence). 
 
Thiazolidinediones were the only class with beneficial effect on HDL (mean 
relative increase, 3 to 5 mg/dL) but a harmful effect on LDL (mean relative 
increase, 10 mg/dL) compared with other oral agents. Metformin decreased 
LDL levels by about 10 mg/dL, whereas other oral agents had no effects on 
LDL (moderate strength of evidence). 
 
Thiazolidinediones, second-generation sulfonylureas, and metformin had 
similarly minimal effects on systolic blood pressure (moderate strength of 
evidence).  
 
Most agents except metformin increased body weight by 1 to 5 kg (moderate 
strength of evidence). 
 
In the ADOPT (A Diabetes Outcome Progression Trial), the incidence of 
cardiovascular events was lower with glyburide than with rosiglitazone or 
metformin (1.8%, 3.4%, and 3.2%, respectively; P<0.05). 
 
In the RECORD study (rosiglitazone evaluated for cardiac outcomes and 
regulation of glycemia in diabetes), rosiglitazone plus metformin or a 
sulfonylurea compared with metformin plus a sulfonylurea had a hazard ratio 
of 1.08 (95% CI, 0.89 to 1.31) for the primary endpoint of hospitalization or 
death from cardiovascular disease. The hazard ratio was driven by more 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

thiazolidinedione) 
 
Studies were 
excluded if there 
was combination of 
3 oral diabetes 
agents and first-
generation 
sulfonylureas drug 
class 
 
 

 congestive heart failure in the rosiglitazone plus metformin group than in the 
control group of metformin plus sulfonylurea (absolute risk, 1.7% vs 0.8%, 
respectively). 
 
Too few comparisons were made to draw firm comparative conclusions on 
microvascular outcomes (P value not reported). 
 
Secondary: 
According to several randomized, controlled trials and some observational 
studies, sulfonylureas and replaglinide were associated with greater risk for 
hypoglycemia. In many randomized controlled trials, thiazolidinediones were 
associated with a higher risk for edema than sulfonylureas or metformin 
(absolute risk difference, 2% to 21%). 
 
In cohort studies, thiazolidinediones were associated with higher risk for 
congestive heart failure although absolute risks were small (1% to 3%) and 
higher risk for mild anemia yet produced similarly low rates of elevated 
aminotransferase levels (<1%) compared with sulfonylureas and metformin.  
 
In many trials and a few observational studies, metformin was associated with 
greater risk for gastrointestinal problems compared with other oral diabetes 
agents (P value not reported). 
 
According to a systematic review of 176 comparative trials, lactic acidosis 
events were similar between metformin and other oral diabetes agents (P value 
not reported). 
 
No study reported an allergic reaction to oral diabetes medications that led to 
hospitalization or death (P value not reported). 

Douek et al20 

 
Metformin 
(titrated up to 2 
grams daily in two 
divided doses or 
maximum 
tolerated dose) in 

DB, MC, PC, RCT 
 
Patients with type 2 
diabetes for at least 
2 years and aged 
≤75 years old 
starting insulin due 
to inadequate 

N=183 
 

1 year 

Primary: 
Change in weight 
from baseline 
 
Secondary: 
Changes in HbA1c, 
insulin dose, 
frequency of 

Primary: 
Metformin was associated with less weight gain than placebo (mean 6.1 kg vs 
7.6 kg; adjusted difference of 1.5 kg [95% CI, 0.2% to 2.9%]; P=0.02). 
 
Secondary: 
Metformin was associated with a greater decrease in HbA1c (1.5% vs 1.3%; 
adjusted difference of 0.5% (95% CI, 0.1% to 0.9%; P=0.02), and a lower 
insulin requirement (62 units vs 86; adjusted difference of 25 units (95% CI, 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

addition to insulin 
therapy 
 
vs  
 
placebo in addition 
to insulin therapy 

glycemic control on 
oral agents 

 

hypoglycemia, 
treatment 
satisfaction, and 
well-being from 
baseline 
 

15% to 34%; P<0.001) than with placebo. 
 
Severe hypoglycemia was reported in 10 patients (13%) taking metformin and 
in 1 patient (1%) taking placebo (RR, 9.48; 95% CI, 1.24 to 72.2; P=0.009). 
 
Treatment satisfaction improved more in patients on metformin than with 
placebo (P<0.001) as did the positive-well-being score (P=0.02). 

Jones et al21 

 
Metformin 1,000 
mg daily to ≤2,000 
mg daily  
 
vs 
 
placebo  

DB, MC, PC, RCT 
 
Type 2 diabetics 
from 8 to 16 years 
old with a previous 
or new diagnosis of 
type 2 diabetes, with 
the following: FPG 
levels from 7-13.3 
mmol/L, HbA1c 
≥7%, stimulated C-
peptide ≥0.5 nmol/L, 
BMI >50th percentile 
for age 

 

N=82 
 

16 weeks 

Primary: 
Change in FPG from 
baseline 
 
Secondary: 
HbA1c levels and 
changes from 
baseline, changes 
from baseline for 
weight, height, BMI, 
lipid stimulated C-
peptide levels  

Primary: 
Adjusted mean change from baseline in FPG for metformin was –2.4 mmol/L 
compared with +1.2 mmol/L for placebo (P<0.001). 
 
Secondary: 
Mean HbA1c levels, adjusted for baseline levels, were significantly lower for 
metformin compared with placebo (7.5% vs 8.6%, respectively; P<0.001). 
 
Mean total serum cholesterol decreased from baseline in the metformin group 
(-0.25 mmol/L [–9.7 mg/dL]) compared to a slight increase in the placebo 
group (+0.01 mmol/L [+0.7 mg/dL]); P=0.043). 
 
Mean LDL cholesterol decreased more with metformin (–0.11 mmol/L [–4.2 
mg/dL] vs +0.10 mmol/L [+4 mg/dL]; P=0.053).  
 
No between-group differences were seen in the mean adjusted changes in HDL 
cholesterol or triglycerides (no P values reported). 
 
Mean weight changes and mean BMI changes from baseline were comparable 
between the treatment groups (no P values reported). 
 
There was no between-group difference seen in the adjusted mean stimulated 
C-peptide change from baseline (–0.2 nmol/L for both groups [–0.7 ng/mL vs –
0.6 ng/mL]). 
 
The most common reported adverse events were abdominal pain, diarrhea, 
nausea/vomiting, and headache. Patients receiving metformin experienced 
more abdominal pain (25%) vs placebo (12%) and more nausea/vomiting 
(17%) vs placebo (10%). 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Wulffelé et al22 

 
Metformin 850 mg 
to 2,250 mg daily 
in addition to 
insulin therapy 
 
vs 
 
placebo in addition 
to insulin therapy  

DB, PC, RCT 
 
Type 2 diabetic 
patients from 30-80 
years of age who 
had received a 
diagnosis of diabetes 
after the age of 25, 
who had 
experienced no 
episodes of 
ketoacidosis, and 
whose past blood-
glucose lowering 
treatments consisted 
of oral agents but 
now consisted of 
insulin or a 
combination of 
insulin and 
metformin 

 

N=390 
 

16 weeks 
interim 
analysis 

Primary: 
Changes in HbA1c, 
insulin 
requirements, body 
weight, BMI, blood 
pressure, and plasma 
lipids 
 
Secondary:  
Not reported 

Primary: 
Mean HbA1c was 6.94% for metformin and 7.6% for placebo (P<0.0001). 
 
Mean daily glucose level decreased from 8.8 ±2.1 to 8.5 ±1.7 mmol/L in the 
placebo group (mean decrease –0.16; 95% CI, –0.53 to 0.22 mmol/L) and from 
8.8 ±2.2 to 7.8 ±1.7 mmol/L in the metformin group (mean decrease –1.04; 
95% CI, –1.5 to 0.52 mmol/L); P=0.006 vs placebo. 
 
Mean insulin requirements were significantly different for metformin (63.8 IU) 
as compared to placebo (71.3 IU; P<0.0001). 
 
Mean weight reduction was significant for metformin (–0.4 kg) as compared to 
placebo (+1.2 kg; P<0.01). BMI increased by 0.4 ±2 kg in the placebo group 
and decreased by 0.2 ±0.9 kg in the metformin group (P=0.01 vs placebo). 
 
There was a small increase in mean systolic and diastolic blood pressures in 
both groups, but the difference was not significant between the groups (P=0.87 
for systolic blood pressure and P=0.92 for diastolic blood pressure). 
 
In the placebo group, mean plasma TC and LDL cholesterol concentrations 
decreased by –0.04 mmol/L (95% CI, –0.15 to 0.07) and –0.02 mmol/L (95% 
CI, –0.16 to 0.06) respectively. In the metformin group, mean plasma TC and 
LDL cholesterol concentrations decreased by –0.25 mmol/L (95% CI, –0.35 to 
–0.15) and –0.21 mmol/L (95% CI, –0.33 to –0.15), respectively (P<0.01 vs 
placebo for both).  
 
Changes in plasma HDL cholesterol and triglyceride concentrations were not 
significant in either group (no P values reported). 
 
Mild and transient gastrointestinal complaints were reported more frequently in 
the metformin group (56%) as compared to the placebo group (13%; 
P<0.0001).  
 
Secondary:  
Not reported 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Bhansali et al2 

 
Month 1: after a 
lead-in period of 3 
months on their 
usual metformin 
immediate-release 
(IR) regimen, 
patients were 
evaluated (visit 0, 
baseline) and 
started on a 
specific brand of 
metformin IR at 
their usual dose, 
1,000 to 2,000 mg 
daily, and 
continued on this 
regimen for 1 
month until visit 1. 
 
Month 2: patients 
were evaluated 
(visit 1) and 
changed over to 
metformin 
extended-release 
(XR) as a single 
dose at dinner, at a 
dose 500 mg less 
than the baseline 
dose of metformin 
IR. They 
continued on this 
regimen for 1 
month. 
 

OL trial with lead-in 
period  
 
Type 2 diabetic 
patients at least 40 
years old, BMI of 
≥20 kg/m2, HbA1c 
≤8.5%, and a fasting 
capillary glucose of 
≤120 mg/dL who 
had achieved 
moderate or good 
glycemic control 
with metformin 
immediate release 
(IR) alone or in 
combination with 
other antihyper-
glycemic agents 
  
 

 

N=40 
 

7 months (3 
months lead-

in and 4 
months 

observation) 

Primary: 
Changes in 4-point 
glucose profile at 
each visit and in 
HbA1c at the end of 
the study period, 
changes in weight 
and lipid profiles, 
compliance was 
assessed by 
reviewing the tablet 
counts conducted at 
each study visit and 
patients were asked 
to confirm their 
compliance with 
therapy at each visit 
(acceptable 
compliance was 
defined as >80% of 
expected study drug 
consumption)  
 
Secondary:  
Not reported 

Primary: 
Mean fasting glucose was <120 mg/dL in 80%, 63%, 73% and 90% of patients 
at visits 1, 2, 3 and 4, respectively; these differences were not statistically 
significant. 
 
Mean postbreakfast glucose was 149 mg/dL, 165 mg/dL (P=0.009), 158 
mg/dL (P=0.159), and 159 mg/dL (P=0.111) at visits 1, 2, 3 and 4, 
respectively (P values are when compared to visit 1). 
 
Mean postlunch glucose was 130 mg/dL, 154 mg/dL (P=0.003), 151 mg/dL 
(P=0.012), and 138 mg/dL (P=0.076) at visits 1, 2, 3 and 4, respectively (P 
values are when compared to visit 1). 
 
Mean postdinner glucose was 138 mg/dL, 161 mg/dL (P=0.020), 138 mg/dL 
(P=0.967), and 128 mg/dL (P=0.264) at visits 1, 2, 3 and 4, respectively (P 
values are when compared to visit 1). 
 
Mean postprandial glucose was 139 mg/dL, 160 mg/dL (P=0.001), 149 mg/dL 
(P=0.065), and 142 mg/dL (P=0.289) at visits 1, 2, 3 and 4, respectively (P 
values are when compared to visit 1). 
 
Mean HbA1c after 3 months of metformin XR (visit 4) was 6.3% compared to 
baseline HbA1c of 6.9% with metformin IR (P=0.008). No other HbA1c values 
were reported. Patients switched over to the XR formulation, once re-
established at doses equivalent to their baseline metformin IR doses, and 
achieved glycemic control comparable to baseline levels.  
 
Mean weight at the end of 3 months of metformin XR (visit 4) was 68.7 ±10.2 
kg as compared to 69.6 ±10.8 kg at baseline (P=0.020). 
 
Lipid profile after 3 months of metformin XR was the following: mean total 
cholesterol (182 ± 29 mg/dL), LDL (113 ±26 g/dL), HDL (45 ±8 mg/dL) and 
triglycerides (119 ±55 mg/dL). These were not statistically significant from 
baseline (no P values reported). 
 
Two patients complained of diarrhea and one had loss of appetite and 
complained of diarrhea during the new metformin XR regimen. 
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and  
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Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Month 3: patients 
were evaluated 
(visit 2) and 
changed over to 
metformin XR 
1,000 to 2,000 mg 
daily at bedtime, 
keeping the dose 
the same as their 
baseline 
metformin IR 
dose. They 
continued on this 
regimen for 1 
month. 
 
Month 4: patients 
were evaluated 
(visit 3) and 
changed over to  
metformin XR 
1,000 to 2,000 mg 
daily in two 
divided doses 
keeping the dose 
the same as 
baseline 
metformin IR 
dose. They 
continued on this 
regimen for 1 
month. 
 
Patients were 
evaluated at the 
end of the study 
(visit 4). 

 
Compliance data was not reported. 
 
Secondary:  
Not reported 
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and 

Demographics 

Sample Size 
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Duration 

End Points Results 

Blonde et al23 

 
Metformin XR 500 
to 2,500 mg daily 
 
vs 
 
metformin IR 500-
2,500 mg daily 

MC, RETRO 
 
Patients ≥17 years of 
age with type 2 
diabetes who were 
started on metformin 
XR (Glucophage 
XR®), or switched 
from metformin IR 
or another oral 
antidiabetic agent to 
metformin XR 
within the previous 
2 years, were 
included in the 
metformin XR 
cohort and patients 
started on metformin 
IR within the past 2 
years were included 
in the metformin IR 
cohort 

 

N=468 Primary: 
Overall gastro-
intestinal (GI) 
tolerability and 
frequency of 
diarrhea for 
metformin XR 
compared to 
metformin IR during 
the first year of 
treatment 
 
Secondary:  
Not reported 

Primary: 
Overall metformin XR vs metformin IR cohorts 
The frequency of any GI adverse event with the first year of treatment was not 
significantly different for the overall cohorts. 11.94% (37/310) of metformin 
XR patients compared with 11.39% (18/158) of metformin IR reported at least 
one GI adverse event (P=0.86). The percentages of patients with individual GI 
adverse events in the metformin XR and metformin IR groups, respectively 
were as follows: diarrhea (6.77% vs 7.59%), nausea (2.26% vs 3.80%), 
dyspepsia (1.61% vs 1.27%), abdominal pain (1.61% vs 0.63%), constipation 
(0.97% vs 0.63%), vomiting (0.65% vs 0.63%), abdominal distention (0.32% 
vs 0.00%), fecal abnormality (0.32% vs 0.63%), blood in stools (0.00% vs 
063%), and flatulence (0.00% vs 0.63%). Relative risk of any GI adverse event 
for metformin XR compared to metformin IR was 1.05 (95% CI, 0.62 to 1.78). 
Overall, the frequency of any gastrointestinal adverse event was similar 
between the metformin XR group and metformin IR group (11.94% vs 
11.39%, respectively; P=0.86). 
 
Patients switched from metformin IR to metformin XR 
Significantly more patients experienced a gastrointestinal adverse event during 
the first year of treatment with metformin IR (26.34%, 54/205; P=0.006) than 
after switching to metformin XR (11.71%, 24/205). The mean daily dose of 
metformin XR was 1,184 mg (range 500-2,500 mg) during the first year of 
therapy and 1,047 mg (range 500-2,550 mg) for the metformin IR groups. A 
significantly higher amount of patients reported diarrhea (18.05%, 37/205) 
while taking metformin IR than after switching to metformin XR (8.29%, 
17/205; P=0.0084). A few more patients reported nausea (2.93%), dyspepsia 
(3.41%), abdominal distention (2.44%) and flatulence (2.44%) while taking the 
metformin IR than after switching to metformin XR (1.95%, 1.46%, 0.49%, 
and 0%, respectively). The differences between the groups in the incidences of 
these individual events were not statistically significant. 
 
Patients new to metformin XR treatment vs metformin IR (metformin group 
plus patients taking immediate-release metformin prior to switching to 
metformin XR) 
A greater percent of patients reported a GI adverse event during the first year 
of treatment with metformin IR (19.83%, 72/363) than during the first year of 
therapy with metformin XR (9.23%, 6/65; P=0.0414). A greater percent of 
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patients taking metformin IR reported diarrhea (13.5%, 49/363) as compared to 
the metformin XR group (3.08%, 2/65; P=0.0169).  
 
Secondary:  
Not reported 

Fujioka et al24 

 
Metformin XR 
(Glucophage XR®) 
1,000 mg QD with 
the evening meal 
 
vs 
 
metformin XR 
1,000 mg QD with 
the evening meal 
for 1 week, then 
increased to 1,500 
mg QD 
 
vs  
 
continued 
metformin IR 500 
mg BID  
 
Note: after 12 
weeks, the daily 
dose of metformin 
could be increased 
by 500 mg in any 
group if HbA1c 
was ≥8% at that 
time. 
 
 

DB, MC, PG, RCT 
 
Patients from 27-77 
years old with type 2 
diabetes for >2 
months to <10 years, 
HbA1c ≤8.5%, FPG 
≤200 mg/dL, and 
receiving metformin 
IR 500 mg BID for 
at least 8 weeks  

 

N=217 
 

24 weeks 

Primary: 
Change in HbA1c 
from baseline to 
week 12 with the 
switch from 
metformin IR to 
metformin XR 
 
Secondary: 
Change in HbA1c 
from baseline to 
week 24, changes in 
FPG, mean daily 
blood glucose 
concentrations, 
fructosamine, serum 
insulin levels, lipid 
levels, and body 
weight at week 24, 
compliance 
(assessed by 
reviewing the tablet 
counts at each visit 
and acceptable 
compliance was 
defined as ≥80% of 
drug consumption) 
 
 

Primary: 
Mean changes from baseline in HbA1c values at week 12 were small and 
similar in the 3 treatment groups. At week 12, the mean change from baseline 
was 0.15% for metformin IR, 0.23% for metformin XR 1,000 mg and 0.04% 
for the metformin XR 1,500 mg group.  
 
Secondary: 
The corresponding changes in HbA1c values at week 24 were small and similar 
among the 3 groups: 0.06% for metformin IR, 0.25% for metformin XR 1,000 
mg, and 0.14% for metformin XR 1,500 mg. The distribution of HbA1c values 
in the specified categories (<7%, 7%-<8%, and ≥8%, respectively) was not 
statistically significant between the groups during the study.  
 
Mean FPG concentrations had also increased in all 3 groups at week 12 and 24. 
The mean increases were smaller in the metformin XR groups compared to the 
metformin IR group (no P values reported). 
 
No clinically relevant significant changes from baseline were seen in HDL or 
total cholesterol levels in any treatment group. LDL decreased in all treatment 
groups, with a mean change of –4 mg/dL with metformin IR (95% CI, –9 to 1), 
and –6 mg/dL in both XR groups (1,000 mg XR, 95% CI, –11 to –1; 1,500 mg 
XR, 95% CI, –12 to 0). There were small increases from baseline in 
triglyceride levels in patients receiving metformin IR (mean change, 1 mg/dL; 
95% CI, –14 to 17). There were statistically significant increases in 
triglycerides in patients receiving metformin XR. Patients in the 1,000 mg 
group had an increase of 34 mg/dL (95% CI, 15 to 53) and patients in the 1,500 
mg group had an increase of 42 mg/dL (95% CI, 6 to 78).  
 
Mean daily blood glucose concentration, fructosamine, serum insulin levels, 
and body weight showed similar changes in each group. 
 
Twenty-five percent of patients in the metformin IR group, 29% of patients in 
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the metformin XR 1,000 mg group, and 34% of patients in the metformin XR 
1,500 mg group experienced adverse drug events (occurring in ≥3% of 
patients). Diarrhea, flatulence, abdominal pain, and nausea/vomiting were the 
most common adverse events reported among all groups combined. 3% of 
metformin IR, 5% of metformin XR 1,000 mg, and 15% of metformin 1,500 
mg patients experienced diarrhea. Flatulence was reported in 1% of metformin 
IR patients, 4% of metformin XR 1,000 mg patients, and 3% of metformin XR 
1,500 mg patients. Abdominal pain was reported in 1% of metformin IR 
patients and metformin XR 1,500 mg patients and in 4% of metformin XR 
1,000 mg patients. Nausea/vomiting were reported in 4% of metformin IR 
patients and 3% in both metformin XR groups. Headache was reported in 4% 
of metformin IR and metformin XR 1,000 mg patients. Dyspepsia/heartburn 
was reported in 6% of metformin IR and 3% of metformin XR 1,000 mg 
patients. The study was not statistically powered to detect differences in 
tolerability between the groups. 
 
Compliance with therapy was rated as acceptable (≥80%) in all groups. 

Schwartz et al25 

 
Metformin 
extended-release 
(ER) 1,500 mg QD 
 
vs 
 
metformin ER 
1,500 mg daily in 
two divided doses 
 
vs 
 
metformin ER 
2,000 mg QD 
 
vs  
 
metformin 

AC, DB, MC, RCT 
 
Patients from 18-79 
years of age with 
type 2 diabetes 
(newly diagnosed, 
treated with diet and 
exercise only, or 
previously treated 
with oral diabetic 
medications), HbA1c 
7%-12% (drug-naïve 
patients) or 6.5%-
10% (prior drug 
therapy patients), 
FPG levels 120-400 
mg/dL (drug-naïve 
patients) or 120-250 
mg/dL (prior drug 
therapy patients), C-

N=750 
 

24 weeks 

Primary: 
Glycemic control as 
determined between 
treatment groups in 
the reduction of 
HbA1c levels from 
baseline to endpoint 
 
Secondary:  
Changes in HbA1c, 
FPG, fructosamine, 
total cholesterol, 
HDL cholesterol, 
LDL cholesterol, 
and triglyceride 
concentrations from 
baseline to specified 
times during the 
study 

Primary: 
Reductions in mean HbA1c were significant by week 12 for all groups, 
continued to decline until week 20, and were maintained for the duration of the 
study. The change from baseline was significant for each group (P<0.001). 
 
Mean changes in HbA1c from baseline to endpoint in all metformin ER groups 
were similar to the metformin IR groups. Mean differences for change from 
baseline in HbA1c levels (metformin ER-metformin IR) were –0.03 (98.4% CI, 
–0.32 to 0.26), –0.04 (–0.33 to 0.25), and –0.36 (–0.65 to –0.06) for the 1,500 
mg once daily, 1,500 mg/day in two divided doses, and 2,000 mg once daily 
metformin ER, respectively; P=0.013 for overall comparison among groups. 
 
Mean changes in HbA1c from baseline to endpoint in the two groups given the 
1,500 mg metformin ER (–0.73% and –0.74%) were not significantly different 
from the change in the metformin IR group (–0.70%). 
 
Secondary:  
Reductions in mean FPG were significant in all groups by the end of week 1, 
declined until week 8, and these levels were maintained until the end of the 
study. The change from baseline was significant for each group (P<0.001). The 
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immediate-release 
(IR) 1,500 mg 
daily in two 
divided doses 

peptide levels >1 
ng/mL, BMI 22-50 
kg/m2 

 

mean changes from baseline to endpoint within each of the metformin ER 
groups were comparable with or greater than that in the metformin IR group; 
P=0.051 for overall comparison among groups. 
 
Mean fructosamine levels decreased from baseline within all groups. There 
was a significant difference among groups for fructosamine levels at the 
endpoint, with the lowest level observed with the 2,000 mg once daily 
metformin ER group (no P values reported). 
 
Total, LDL, and HDL cholesterol levels were similar at baseline and endpoint 
with all treatment groups, except for differences with treatment groups for final 
LDL cholesterol (P=0.015) and triglycerides (P=0.030). The lowest mean 
concentrations for LDL and triglycerides occurred with 2,000 mg once daily 
metformin ER and metformin IR, respectively.  
 
Overall incidence of gastrointestinal adverse events was low and comparable 
among treatment groups during the first week of treatment. There was a higher 
incidence of nausea in the metformin IR group than in the metformin ER 
groups (P=0.05) during the first week. 
 
Overall incidence of adverse events considered possibly or probably related to 
the study drug was similar for all groups. The only events reported for >5% of 
patients in any group during the entire study were gastrointestinal (diarrhea, 
nausea, dyspepsia, and upper abdominal pain). 

Abbasi et al26 

 
Metformin  
500 mg BID 
increased 
gradually to 1,000 
mg BID  
 
vs  
 
metformin 500 mg 
BID increased 
gradually to 1,000 

Type of study not 
specified 
 
Patients with type 2 
diabetes with 
relatively poor 
glycemic control 
with an FPG 
concentration >9.5 
mmol/L on dietary 
therapy alone or 
sulfonylurea 
monotherapy, BMI 

N=31 
 

12 weeks 

Primary: 
Changes in fasting 
glucose, HbA1c, 
lipid concentrations  
 
Secondary:  
Not reported 

Primary: 
FPG concentrations decreased to a similar degree after treatment with 
metformin in both the metformin monotherapy group (12.45 ± 0.48 vs 9.46 ± 
0.47 mmol/L; P<0.001) and the combined sulfonylurea plus metformin group 
(14.09 ± 0.51 vs 10.57 ± 0.85 mmol/L; P=0.001). The changes in the 
metformin monotherapy group compared to the combined sulfonylurea plus 
metformin group was not significant (P=0.58). 
 
Changes in fasting HbA1c from baseline were significant for metformin 
monotherapy (P<0.001) and combined sulfonylurea plus metformin (P<0.002). 
The changes were not significant when compared to each other (P=0.30). 
 
Fasting total cholesterol, triglycerides, HDL, and LDL cholesterol did not 
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mg BID in 
addition to 
glipizide or 
glyburide 10 to 20 
mg daily 
 
 

<40 kg/m2, and no 
apparent 
cardiovascular 
disease 
 

change significantly in either treatment group (P=0.64, P=0.34, P=0.48, and 
P=0.85, respectively) for metformin monotherapy compared to combined 
sulfonylurea plus metformin. 
 
Fasting remnant lipoprotein cholesterol (RLP-C) concentrations were 
significantly lower in the metformin monotherapy group as compared to 
baseline (0.43 ± 0.09 vs 0.34 ± 0.07 mmol/L; P=0.02). The changes were not 
significant for metformin monotherapy compared to combined sulfonylurea 
plus metformin (P=0.06). 
 
Concentrations of free fatty acids and RLP-C concentrations were lower to a 
similar degree in both treatment groups, whereas daylong plasma insulin 
concentrations were unchanged. Changes in LDL particle diameter and percent 
of small dense LDL particles between the groups were not significant at 
endpoint (P=0.28 and P=0.73, respectively). 
 
Secondary:  
Not reported 

Biguanides Compared to Other Antidiabetic Agents 
Pavo et al27 

  
Metformin 850-
2,550 mg daily  
 
vs 
 
pioglitazone 30-45 
mg daily 

DB, MC, RCT 
 
Recently diagnosed 
(<12 months) type 2 
diabetic patients ≥40 
years old, HbA1c of 
7.5%-11%, and 
naïve to oral 
antihyperglycemic 
medications 

 

N=205 
 

32 weeks 

Primary:  
Change in HbA1c 
from baseline  
 
Secondary:  
Changes in FPG, 
fasting serum 
insulin, and insulin 
sensitivity 

Primary: 
Each treatment group had a significant reduction in HbA1c from baseline 
(P<0.0001 for each group). The difference between pioglitazone and 
metformin was not significant (P=0.280). 
 
Secondary: 
Each treatment group had a significant reduction in FPG (P<0.0001 for each 
group). The difference between pioglitazone and metformin was not significant 
(P=0.620). 
 
Pioglitazone reduced fasting serum insulin significantly (P<0.0001). The 
change in fasting serum insulin was not significant for metformin (P=0.803). 
Pioglitazone was significantly more effective than metformin in improving 
indicators of insulin sensitivity, as determined by reduction of fasting serum 
insulin (P=0.003) and by analysis of homeostasis model assessment for insulin 
sensitivity (P=0.002). 
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Cryer et al28 

 
Metformin 500 mg 
BID to 2,500 mg 
daily in three 
divided doses 
 
vs 
 
usual care 
(treatment with a 
sulfonylurea, 
thiazolidinedione, 
insulin, or any 
other 
nonmetformin 
monotherapy or 
combination 
therapy)  

MC, OL, PG, RCT 
 
Type 2 diabetic 
patients ≥18 years 
old with glycemia 
inadequately 
controlled with diet 
or a sulfonylurea 

 

N=8,732 
 

1 year 
 

Primary: 
Incidence of serious 
adverse events, 
death, and 
hospitalization 
 
Secondary:  
Plasma lactate levels 
after 1 year of 
treatment in a 
substudy 
 

Primary: 
Serious adverse reactions were reported in 10.3% (95% CI, 9.6% to 11.1%) of 
patients in the metformin group and by 11% (95% CI, 9.5% to 12.7%) of 
patients in the usual care group (P=0.43), with similar pattern of serious 
adverse events between groups according to body system. Serious 
cardiovascular adverse events were the most common, which included 
coronary artery disease (1% vs 1.1%) for metformin vs usual care, 
respectively, chest pain (0.7% vs 1%), congestive heart failure (0.7% vs 0.6%), 
myocardial infarction (0.7% vs 0.7%), and cerebrovascular accident (0.4% vs 
0.7%). There was not an excess of serious adverse events observed in the 
metformin group in all patients regardless of age. 
  
The incidence of all-cause hospitalization, hospitalization for metabolic causes 
(other than lactic acidosis), and all-cause mortality did not differ between 
metformin and usual care in the overall population (P=0.229, P=1, P=0.596, 
respectively) or in patients ≥65 years old (P=0.178, P=1, P=0.878, 
respectively), or in younger patients (P=0.945, P=0.835, P=0.21, 
respectively). There were no patients that were hospitalized or that died from 
lactic acidosis.  
 
Secondary:  
Mean plasma lactate was 1.7 ±0.6 mmol/L in the metformin group and 1.6 ±0.6 
mmol/L in the usual care group after 12 months of therapy (P=0.137). Plasma 
lactate >3 mmol/L occurred in 4% of metformin patients and 1% in the usual 
care group. There was no significant difference between the groups. 

DeFronzo et al29 

 
Protocol 1: 
Metformin 850 mg 
QD increased 
gradually to 2,550 
mg daily 
 
vs 
 
placebo  
 

Two DB, PG, RCT 
 
Moderately obese 
patients with 
NIDDM 
inadequately 
controlled by diet 
(Protocol 1 patients) 
or diet plus 
glyburide (Protocol 
2 patients) 
 

Protocol 1 
N=289 

29 weeks 
 
 

Protocol 2 
N=632 

29 weeks 

Primary: 
Changes in plasma 
glucose, HbA1c, 
plasma insulin, 
lipids, and plasma 
lactate 
 
Secondary:  
Not reported 

Primary: 
Protocol 1: As compared to placebo, the metformin group had lower mean FPG 
concentrations of (189 ±5 vs 244 ±6 mg/dL; P<0.001). HbA1c levels were also 
lower in the metformin group (7.1 ±0.1% vs 8.6 ± 0.2%; P<0.001).  
 
The changes from baseline for total cholesterol and LDL cholesterol for 
metformin were significant compared to placebo (P=0.001 and P=0.019, 
respectively).  
 
Fasting plasma lactate levels were similar at all times during the active-
treatment in both groups. 
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Protocol 2: 
metformin 500 mg 
QD gradually 
increased to 2,500 
mg daily 
 
vs 
 
glyburide 5 mg 
BID increased to 
10 mg BID 
 
vs 
 
metformin plus 
glyburide 

 Protocol 2: Patients in the metformin plus glyburide combination group, 
compared to the glyburide alone group, had lower mean FPG concentrations 
(187 ±4 vs 261 ±4 mg/dL; P<0.001, and HbA1c values of 7.1 ± 0.1% vs 8.7 ± 
0.1%; P<0.001).  
 
The changes from baseline were significant compared to glyburide for the 
following: total cholesterol, metformin P=0.011 and metformin plus glyburide 
P=0.001; LDL cholesterol, P=0.009 for metformin and P=0.001 for 
metformin plus glyburide; and triglycerides, P=0.001 for each glyburide and 
metformin plus glyburide.  
 
Fasting plasma lactate did not change in any of the groups in the course of 
treatment. 
 
Secondary:  
Not reported 

Johnson et al30 

 
Metformin 
monotherapy 
 
vs 
 
sulfonylurea 
monotherapy 
 
vs 
 
combination 
therapy of 
sulfonylureas and 
metformin  

RETRO cohort 
analysis to identify 
persons aged ≥30 
years who were new 
users of oral 
antidiabetic drugs 
(sulfonylurea 
monotherapy, 
metformin 
monotherapy, or 
combination therapy 
of sulfonylureas and 
metformin) 
 
Subject groups were 
defined by 
medication use 
during 1991-1999, 
all patients were 
followed 
prospectively from 

N=4,124 
 

N=2,138 
sulfonylurea 
monotherapy 

 
N=923 

metformin 
monotherapy 

 
N=1,081 

combination 
therapy 

 
 

Primary:  
Composite endpoint 
of fatal or nonfatal 
cardiovascular 
related events 
 
Secondary:  
Not reported 

Primary: 
A total of 381 patients died from cardiovascular causes and 715 were 
hospitalized at least once for cardiovascular reasons. Patients in the metformin 
monotherapy group had the lowest nonfatal hospitalization rate for 
cardiovascular causes (53.7 hospitalizations per 1,000 person years) compared 
to sulfonylurea monotherapy patients (75.3 per 1,000 person years; P<0.05) 
and compared to combination therapy patients (90.2 per 1,000 person years; 
P<0.05). Nonfatal cardiovascular related hospitalization rates were similar for 
sulfonylurea monotherapy patients and combination therapy patients (P=0.08). 
 
Metformin monotherapy was associated with a lower risk of the composite 
endpoint (adjusted hazard ratio, 0.81; 95% CI, 0.68 to 0.97) as compared with 
sulfonylurea monotherapy.  
 
Cardiovascular hospitalizations were similar for sulfonylurea monotherapy and 
combination therapy (P=0.32).  
 
Secondary:  
Not reported 
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index date until 
death or study exit 
and were new users 
of oral antidiabetic 
medication not on 
insulin 

Saenz et al31 

 
Metformin alone  
 
vs 
 
placebo, 
sulfonylureas, 
thiazolidinediones, 
meglitinides, 
alpha-glucosidase 
inhibitors, 
nonpharmaco-
logical inter-
ventions (diet), 
any other oral 
antidiabetic 
intervention, or 
insulin  

Meta-regression 
analyses  
 
Adult patients with 
type 2 diabetes 

 

N=5,259  
 

(29 trials) 
 

≥3 months 

Primary:  
Incidence of any 
diabetes-related 
outcomes (sudden 
death, death from 
hyperglycemia or 
hypoglycemia, fatal 
or nonfatal 
myocardial 
infarction, angina, 
heart failure, stroke, 
renal failure, 
amputation [of at 
least one digit], 
vitreous 
hemorrhage, 
retinopathy 
requiring 
photocoagulation, 
blindness in one eye, 
or cataract 
extraction); 
diabetes-related 
death (death from 
myocardial 
infarction, stroke, 
peripheral vascular 
disease, renal 
disease, hypo-
glycemia or 
hyperglycemia, and 

Primary: 
Obese patients that received metformin showed a more significant benefit than 
chlorpropamide, glibenclamide*, or insulin for any diabetes-related outcomes 
(P=0.009) and for all-cause mortality (P=0.03).  
 
Obese patients that received metformin showed a more significant benefit than 
overweight patients on conventional treatment (diet) for any diabetes-related 
outcomes (P=0.004), diabetes-related death (P=0.03), all cause mortality 
(P=0.01), and myocardial infarction (P=0.02). 
 
Secondary:  
Patients that received metformin monotherapy showed a significant benefit for 
glycemic control, weight, dyslipidemia, and diastolic blood pressure. 
Metformin presents a strong benefit for HbA1c when compared to diet and 
placebo. Additionally, metformin showed a moderate benefit for glycemic 
control, low-density lipoprotein, and body mass index or weight when 
compared to sulfonylureas.  
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sudden death); all-
cause mortality 
 
Secondary:  
Changes in HbA1c, 
FPG, quality of life, 
weight, body mass 
index, lipids, insulin, 
C-peptide, blood 
pressure, micro-
albuminuria, 
glomerular filtration 
rate, and renal 
plasma flow 

Gottschalk et al32 

 
Metformin 500 mg 
BID for 12 weeks, 
then titrated once 
at the end of week 
12 to 1,000 mg 
BID if the self-
monitored blood 
glucose (SMBG) 
level was >140 
mg/dL or >126 
mg/dL later in the 
study 
 
vs 
 
glimepiride 1 mg 
QD for 4 weeks, 
then titrated by 
doubling the dose 
at weeks 4,8, and 
12 to a maximum 

AC, MC, PG, RCT, 
SB 
 
Pediatric subjects 
aged 8-17 years with 
type 2 diabetes 
(HbA1c>7.1% and 
<12.0%) with 
inadequate control 
despite treatment 
with either diet and 
exercise alone for at 
least 2 weeks prior 
to randomization or 
diet and exercise 
combined with 3 
months of ongoing 
or previous oral 
antidiabetic 
monotherapy  
 
 

N=285 
 

24 weeks 

Primary: 
Mean change in 
HbA1c from baseline 
to week 24 
 
Secondary: 
Mean change in 
HbA1c from baseline 
to week 12, 
proportion of 
patients achieving 
an HbA1c<7.0% at 
week 24, mean 
change in fasting 
SMBG from 
baseline to weeks 4, 
8, 12, 18, and 24, 
mean changes in 
serum lipid 
concentrations from 
baseline to week 24 
and changes in BMI, 
safety, adverse 

Primary: 
The adjusted mean change in HbA1c at week 24 showed significant reductions 
from baseline in both groups, –0.70% and –0.85% in patients receiving 
glimepiride and metformin, respectively (P<0.05). 
 
Secondary: 
Significant reductions in the adjusted mean change from baseline HbA1c to 
week 12 were –0.69% and –0.76% in patients receiving glimepiride and 
metformin, respectively (P<0.05). 
  
The proportions of patients who achieved an HbA1c<7.0% at week 24 were 
42.4% of patients receiving glimepiride and 48.1% of patients receiving 
metformin (P=0.347).  
 
Significant reductions were seen in fasting SMBG levels from baseline to 
weeks 18 and 24 in patients receiving metformin (P<0.05) but no similar 
reductions were reported in the glimepiride group. 
 
There were no significant differences between the glimepiride and metformin 
groups in the mean change from baseline in any of the serum lipid 
concentrations (P value not reported). 
 
Significant between-group differences were observed in the mean change from 
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dose of 8 mg QD 
 
(To maintain 
blinding, subjects 
on glimepiride 
took a placebo pill 
in the evening.) 
 
 

events, hypo-
glycemic episodes 
and vital signs  

baseline BMI to week 24. Values were 0.26 kg/m2 and 0.33 kg/m2 in patients 
receiving glimepiride and metformin, respectively (P=0.003). 
 
No deaths occurred during the study. The proportions of patients experiencing 
≥1 adverse event were comparable between both treatment groups, with the 
most common adverse events being hyperglycemia, upper abdominal pain, 
diarrhea, nausea and headache. Two patients experienced serious adverse 
events that were considered possibly related to treatment: one patient in the 
glimepiride group had hyperglycemia, diabetic ketoacidosis and increased 
serum osmolarity and one patient in the metformin group had a 
nonhypoglycemic convulsion.  
 
The incidence of clinically relevant hypoglycemia was similar in both groups 
(P=0.554).  
 
No clinically significant differences in vital signs were seen between treatment 
groups (P value not reported). 

Kahn et al33 

 
Metformin 500 mg 
QD then titrated to 
1,000 mg BID 
 
vs 
 
rosiglitazone 4 mg 
QD then titrated to 
4 mg BID 
 
vs 
 
glyburide 2.5 mg 
QD then titrated to 
7.5 mg BID 
 
(A dose increase 
was required at 

DB, MC, RCT 
 
Recently diagnosed 
(within 3 years) type 
2 diabetic patients 
between the ages of 
30 to 75 years who 
had not received 
previous 
pharmacologic 
treatment, with FPG 
levels ranging from 
126 to 180 mg/dL 
while their only 
treatment was 
lifestyle 
management 

 N=4,360 
 

4-6 years 
(median 
treatment 

durations 3.3 
years for 

glyburide and 
4 years for 

rosiglitazone 
and 

metformin) 
 
 
 

Primary: 
Time from 
randomization to 
treatment failure 
(defined as FPG 
>180 mg/dL on 
consecutive testing 
after at least 6 weeks 
of treatment at the 
maximum tolerated 
dose) 
 
Secondary: 
Time from 
randomization to a 
confirmed FPG 
>140 mg/dL after at 
least 6 weeks of 
treatment at the 
maximum tolerated 

Primary: 
At 5 years, 15% of patients receiving rosiglitazone, 21% of those on 
metformin, and 34% of those on glyburide had failed monotherapy. This 
represents a risk reduction of 32% for rosiglitazone as compared with 
metformin and 63% for rosiglitazone as compared with glyburide (P<0.001 for 
both comparisons). 
 
Secondary: 
Progression to a confirmed FPG ≥140 mg/dL was seen in 79 of 511 patients in 
the rosiglitazone group as compared with 127 of 520 patients in the metformin 
group (P=0.002) and 160 of 480 patients in the glyburide group (P<0.001). 

 
At the 4-year evaluation, 40% of the patients in the rosiglitazone group 
achieved an HbA1c<7% compared with 36% of the patients in the metformin 
group (P=0.03) and 26% of the patients in the glyburide group (P<0.001). 

 
The annual rate of β-cell function decline after 6 months was greatest in the 
glyburide group (6.1% decreased), followed by the metformin group (3.1% 
decreased) and rosiglitazone group (2.0% decreased) (P<0.001 for 
rosiglitazone vs glyburide and P=0.02 for rosiglitazone vs metformin).  
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each visit if the 
FPG was ≥140 
mg/dl and a dose 
reduction was 
permitted if 
adverse events 
occurred.) 

dose (for patients 
who entered the 
study with FPG 
≤140 mg/dL); also 
FPG, HbA1c, weight, 
measures of insulin 
sensitivity, β-cell 
function, and 
adverse events 

 
Over a period of 5 years, the mean weight increased in the rosiglitazone group 
but decreased in the metformin group. In the glyburide group, weight gain 
occurred in the first year then remained stable (P value not reported). 

  
Treatment with glyburide was associated with lower risk of cardiovascular 
events (including congestive heart failure) than was seen in the rosiglitazone 
and metformin groups (P<0.05). Rosiglitazone was associated with more 
weight gain and edema than either metformin or glyburide, but fewer 
gastrointestinal events were reported with rosiglitazone compared to metformin 
and fewer hypoglycemic events were seen with rosiglitazone compared to with 
glyburide (P<0.001 for all comparisons). 

Weissman et al34 

 
 
Metformin 500 mg 
in addition to 
metformin 1,000 
mg QD (MET)  
 
vs 
 
rosiglitazone 8 mg 
QD in addition to 
metformin 1,000 
mg QD (RSG + 
MET) 
  
 

DB, MC, PG, RCT 
 
Patients 18-75 years 
of age diagnosed 
with type 2 diabetes 
(defined as HbA1c of 
6.5%-8.5% for 
patients receiving 
combination therapy 
with metformin and 
sulfonylurea or 
HbA1c of 7%-10% 
for drug-naïve or 
patients receiving 
monotherapy), FPG 
of 126-270 mg/dL 
and BMI ≥27 kg/m2 
 
Any subjects 
previously receiving 
metformin or 
metformin and 
sulfonylurea must 
have received ≤ 
metformin 1,000 

N=766 
 

2-week wash 
out period 

followed by 
4-7 weeks of 
run-in period 
and 24 weeks 
of treatment 

Primary: 
Mean change from 
baseline HbA1c after 
24 weeks of 
treatment 
 
Secondary: 
Mean change from 
baseline FPG at 
week 24 and 
proportion of 
patients responding 
to treatment, defined 
as reduction of 
≥0.7% for HbA1c 
and ≥30 mg/dL for 
FPG at week 24, 
clinical safety, 
adverse events, 
tolerability and 
clinical laboratory 
tests 

Primary: 
After 24 weeks, RSG + MET combination therapy and MET monotherapy 
were both effective in improving HbA1c with mean reductions of –0.93% (95% 
CI, –1.06% to –0.80%) and –0.71% (95% CI, –0.83% to –0.60%), respectively 
with a mean treatment difference of –0.20% (95% CI, –0.36% to –0.04%). 
 
Secondary: 
Significant reductions in FPG from baseline were seen in patients receiving 
MET + RSG (–2.29 mmol/L; 95% CI, –2.59 mmol/L to –1.99 mmol/L) 
compared to patients receiving MET monotherapy (–1.12 mmol/L; 95% CI, –
1.43 mmol/L to –0.82 mmol/L), with a treatment difference of –0.85 mmol/L 
(95% CI, –1.23 mmol/L to –0.47 mmol/L). 
 
The proportion of patients who responded to treatment (reduction in HbA1c 
≥0.7%) was greater in the RSG + MET group than the MET monotherapy 
group (59.5% and 49.5%, respectively) with the treatment difference of 10% 
(95% CI, 1.9% to 18.1%). 
 
The proportion of FPG responders (reduction in FPG ≥30 mg/dL) was also 
greater in the RSG + MET group than in the MET monotherapy group (55% vs 
32.5%, respectively). 
 
The percentage of patients experiencing a GI effect was greater in the MET 
group compared with the RSG + MET group (38.7% and 27.9%). The odds of 
experiencing a GI side effect were 63% greater for patients receiving MET 



   

130 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

mg/day for at least 3 
months prior to 
study entry and 
patients must have 
stopped previous 
treatment with 
thiazolidinedione at 
least 3 months prior 
to screening. 

monotherapy compared to RSG + MET combination therapy (OR, 1.63; 95% 
CI, 1.19 to 2.24).  
 
RSG + MET resulted in a mean weight gain of 1.79 kg (P<0.0001) compared 
with a mean weight loss of 1.78 kg (P<0.001) on MET monotherapy. 
 
There were 3 deaths during the course of the study with 2 prior to double-blind 
study medication, and 1 while on RSG + MET; the cause of which was 
unknown, although it was not considered to be treatment related. 

Stewart et al35 

 
Metformin 3,000 
mg/day (MET) 
 
vs 
 
metformin 2,000 
mg/day and 
rosiglitazone 8 
mg/day (MET + 
RSG) 

DB, MC, PG, RCT 
 
Type 2 diabetic 
patients aged 18-70 
years, who were 
either antidiabetic-
drug-naïve with 
FPG of 7.0-9.0 
mmol/L and HbA1c 
7.0%-9%, or 
previously treated 
with oral 
antidiabetic 
monotherapy with 
FPG of 6.0-8.0 
mmol/L and HbA1c 
6.5%-8.0% 

N=526 
 

32 weeks  

Primary: 
Proportion of 
patients achieving 
HbA1c ≤6.5% at 
week 32 and the 
change in HbA1c 
from baseline to 
week 32 
 
Secondary: 
Proportion of 
patients achieving 
target HbA1c and 
FPG levels, change 
in FPG and fasting 
plasma insulin from 
baseline to week 32, 
change in insulin 
resistance, 
pancreatic β-cell 
function, CRP, lipid 
parameters and 24-
hour ambulatory 
blood pressure, 
safety and 
tolerability  

Primary: 
There was a reduction from baseline in mean HbA1c in the MET + RSG group 
from 7.2±0.6% to 6.7±0.8% compared with 7.2±0.6% to 6.8±0.9% in the MET 
group (P=0.0357) at week 32. 
 
Secondary: 
The proportion of patients achieving HbA1c ≤6.5% at week 32 was similar in 
the two groups (P=0.095). 
 
The proportion of patients achieving FPG <7.0 mmol/L at week 32 was 56% in 
the MET + RSG group compared with 38% in the MET group (OR, 2.33; 
P<0.0001). 
 
The reduction in fasting plasma insulin from baseline was greater in the MET + 
RSG group compared with the MET group (treatment difference of –12.2 
pmol/L; P=0.00029). 
 
Homeostasis model assessment estimated that insulin sensitivity, β-cell 
function, CRP and systolic blood pressure were greater in the MET + RSG 
group at week 32 compared with the MET group (P<0.05 for all). 
 
TC, HDL and LDL increased, free fatty acids decreased and TG did not change 
in the MET + RSG group, whereas in the MET group there were decreases in 
TC, LDL and TG and increases in HDL and free fatty acids. The difference 
between the treatments was statistically significant for the above parameters 
(P<0.05). 
 
The proportion of patients with reductions in 24-hour mean systolic blood 
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pressure was greater in the MET + RSG group compared with the MET group 
(treatment difference of –3.6 mm Hg; P=0.0315). 
 
The overall incidences of GI adverse events were comparable between groups, 
but there was a lower incidence of diarrhea in the MET + RSG group (8% vs 
18%). Hypoglycemia was reported in 17 patients (7%) in the MET + RSG 
group compared with 10 patients (4%) in the MET group.  
 
There were greater reductions in mean hemoglobin and hematocrit over 32 
weeks in the MET + RSG group compared with the MET group (P<0.0001). 

Barnett et al36 

 
Metformin 1,000 
mg BID in 
addition to a 
sulfonylurea  
 
vs 
 
inhaled human 
insulin in addition 
to a sulfonylurea  
 
 
 

MC, OL, PG, RCT 
 
Type 2 diabetic 
patients aged 35-80 
years, diagnosed at 
least 6 months 
before screening, 
poorly controlled 
outpatients (HbA1c 
8%-12%) failing 
maximal doses of a 
sulfonylurea alone 
(glibenclamide 
standard or 
micronized 
formulation, 
gliclazide†, glipizide 
or glimepiride), 
pulmonary function 
tests within the 
following ranges: 
carbon monoxide 
transfer factor 
(DLco) ≥75%, total 
lung capacity 80%-
120% inclusive, and 
forced expiratory 

N=410 
 

24 weeks 
  

Primary: 
Change in HbA1c 
from baseline to 
week 24 
 
Secondary: 
Percentage of 
patients achieving 
HbA1c ≤7 and ≤8% 
at week 24, 
incidence and 
severity of 
hypoglycemic 
events, change in 
FPG and 2-hour post 
prandial glucose 
(PPG), change in 
fasting lipid profile, 
body weight, and 
discontinuation rate 

 
 
 

Primary: 
In the HbA1c >9.5% arm, the inhaled insulin group showed a significant 
reduction in HbA1c than metformin (–2.17% and –1.79%, respectively; 95% 
CI, –0.63 to –0.14; P=0.002). 
 
In the HbA1c ≤9.5% arm, mean adjusted HbA1c changes were –1.94% in 
patients receiving inhaled insulin and –1.87% in patients receiving metformin 
(95% CI, –0.33 to 0.19; P=0.610). 
 
Patients receiving inhaled insulin showed a significant reduction from baseline 
in adjusted mean HbA1c at 24 weeks compared to metformin-treated patients 
when results for both HbA1c arms were combined (–2.06% vs –1.83%, 
respectively; 95% CI, –0.40 to –0.05; P=0.014). 
 
Secondary: 
At the end of the study, 64% (137) and 25% (54) of patients in the inhaled 
insulin group and 58% (114) and 23% (45) of patients in the metformin group 
achieved HbA1c<8% and <7%, respectively (95% CI, 0.84 to 1.99 in the 
HbA1c<8% group and 95% CI, 0.72 to 1.84 in the HbA1c<7% group). 
 
There were no differences in the FPG and 2-hour PPG levels in both groups. 
 
The metformin group had greater reductions in TC and LDL than the inhaled 
insulin group (95% CI, 0.03 to 0.31 and 0.02 to 0.27, respectively) and there 
were no differences in TG and HDL levels between the two treatment groups.  
 
There was a mean weight gain of 3 kg in the inhaled insulin group compared 
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volume in 1 sec 
(FEV1) ≥70% of 
predicted value  

with a mean weight drop of 0.1 kg in the metformin group (P value not 
reported). 
 
Hypoglycemia rate was greater in the inhaled insulin group compared to the 
metformin group (RR, 2.16; 95% CI, 1.67 to 2.78). 
 
Adverse events related to treatments were 64.4% (143) in the inhaled insulin 
group and 54.2% (109) in the metformin group with discontinuation rates due 
to treatment-related adverse events of 2% (4) in the metformin group and 0.5% 
(1) in the inhaled insulin group. 

Lewin et al37 

 
Metformin 
extended-release 
(Glumetza®) 1,500 
mg QD plus 
glyburide 15 mg 
QD 
 
vs 
 
metformin 
extended-release 
(Glumetza®) 2,000 
mg QD plus 
glyburide 15 mg 
QD  
 
vs  
 
metformin 
extended-release 
(Glumetza®) 1,000 
mg BID plus 
glyburide 15 mg 
QD  
 

DB, MC and RCT 
 
Type 2 diabetic 
patients between 18 
and 79 years of age, 
drug naïve (newly 
diagnosed or treated 
with diet and 
exercise) or 
previously treated 
with oral 
antidiabetic 
medications 
(monotherapy with 
any oral antidiabetic 
medications up to 
half the maximum 
therapeutic dose), 
HbA1c of 7.5% to 
12% in drug-naïve 
patients or 6.5% to 
12% in prior drug 
treatment patients, 
FPG of 200-400 
mg/dL (drug naïve 
patients) or 120-250 
mg/dL (prior drug 

N=607 (575 
ITT) 

 
30 weeks 

Primary: 
Changes in HbA1c 
from baseline to end 
of study 
 
Secondary: 
Changes in HbA1c, 
FPG, fructosamine, 
TC, HDL, LDL, TG, 
weight, BMI from 
baseline to specified 
times, 
discontinuation rates 
and adverse events 

Primary: 
There were significant reductions in HbA1c from baseline to week 30 in all 
combined metformin and sulfonylurea groups compared to the sulfonylurea 
monotherapy group (–0.74% vs 0.08%, respectively with P<0.001). 
 
Secondary: 
There were significant reductions from baseline in mean FPG and in mean 
HbA1c at week 8 in all combined metformin and sulfonylurea groups compared 
to the sulfonylurea monotherapy group (P<0.001). 
 
There were statistically significant differences between the combined 
metformin and sulfonylurea groups and the monotherapy group for mean 
changes in fructosamine, TC, HDL and LDL (P<0.001). 
 
There were significant increases from baseline in mean weight and BMI in the 
monotherapy sulfonylurea group (P<0.001). In comparison, there was no 
significant change in weight and a smaller increase in mean BMI in the 
combined metformin and sulfonylurea groups (P=0.028). 
 
There was a significant difference in the rates of hypoglycemia between 
treatment groups, which were 11.6% in the combined metformin and 
sulfonylurea groups and 4.2% in the monotherapy sulfonylurea group 
(P=0,007). However, no significant difference between these two groups was 
observed for gastrointestinal events. 
  
Forty patients (9.3%) in the combined metformin and sulfonylurea groups and 
3 patients (2.1%) in the monotherapy sulfonylurea group discontinued 
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vs 
 
glyburide 15 mg 
QD 

treatment patients) 
and C-peptide levels 
>0.8 ng/mL 

treatment due to an adverse event, mainly hypoglycemia (P=0.001).  

Nichols et al38 

 
Metformin 
 
vs 
 
sulfonylurea 
 
vs 
 
insulin 
 
vs 
 
thiazolidinediones 

MC, OS, RETRO 
 
Patients who 
initiated metformin, 
sulfonylurea, insulin 
or thiazolidinediones 
between 1996 and 
2002 and continued 
use of that drug for 
at least 12 months 
without adding other 
therapies 

N=9,546 
 

6 years 

Primary: 
Weight changes 
 
Secondary: 
Not reported 

Primary: 
Patients treated with metformin lost an average of 2.4 kg while sulfonylurea 
treated patients gained 1.8 kg followed by insulin treated patients gained 3.3 kg 
and thiazolidinediones treated patients gained 5.0 kg. All comparisons were 
highly statistically significant (P value not reported). 
 
Secondary: 
Not reported 

Nondiabetic Metabolic Syndrome 
Knowler et al19 

 
Metformin 850 mg 
BID 
 
vs 
 
placebo with 
standard lifestyle 
recommendations 
 
vs 
 
intensive lifestyle 
modifications 
designed to 
achieve and 

DB, MC, PC, RCT 
 
Nondiabetic persons 
at least 25 years old 
at high risk with 
elevated fasting and 
postload plasma 
glucose 
concentrations (BMI 
of ≥24 kg/m2 or ≥22 
kg/m2 for Asian 
patients, a plasma 
glucose 
concentration of 95-
125 mg/dL, and 
140-199 mg/dL two 
hours after a 75 g 

N=3,234 
 

2.8 years 
(mean) 

Primary:  
Diabetes, diagnosed 
on the basis of an 
annual oral glucose-
tolerance test or a 
semiannual FPG 
test, according to the 
1997 criteria of the 
American Diabetes 
Association: a value 
for plasma glucose 
of 126 mg/dL or 
higher in the fasting 
state or 200 mg/dL 
or higher two hours 
after a 75 g oral 
glucose load 

Primary: 
Incidence of diabetes was 11, 7.8, and 4.8 cases per 100 person-years in the 
placebo, metformin, and intensive lifestyle-intervention groups, respectively. 
 
Incidence of diabetes was 58% lower (95% CI, 48% to 66%) in the intensive 
lifestyle-intervention group and 31% lower (95% CI, 17% to 43%) in the 
metformin group than in the placebo group. 
 
Incidence of diabetes was 39% lower (95% CI, 24% to 51%) in the intensive 
lifestyle-intervention group than in the metformin group. 
 
Incidence of diabetes differed significantly among the three groups (P<0.001 
for each comparison). 
 
The estimated cumulative incidence of diabetes at 3 years was 28.9%, 21.7%, 
and 14.4% in the placebo, metformin, and intensive lifestyle groups, 
respectively. Using these results, to prevent one case of diabetes during a three-
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maintain both a 
7% weight loss 
and 150 minutes of 
exercise a week 

oral glucose load) 
 
 
 

 
Secondary:  
Not reported 

year period, 6.9 persons would have to participate in the intensive lifestyle-
intervention group and 13.9 persons would have to receive metformin. 
 
Secondary:  
Not reported 

Orchard et al39 
 
Metformin 850 mg 
BID 
 
vs 
 
placebo with 
standard lifestyle 
recommendations  
 
vs 
 
intensive lifestyle 
modifications 
designed to 
achieve and 
maintain a 7% 
weight loss and 
150 minutes of 
exercise a week 

DB, MC, PC, RCT 
 
Nondiabetic persons 
at least 25 years old 
at high risk with 
elevated fasting and 
postload plasma 
glucose 
concentrations, BMI 
of ≥24 kg/m2 or ≥22 
kg/m2 for Asian 
patients, a plasma 
glucose 
concentration of 95-
125 mg/dL, and 
140-199 mg/dL two 
hours after a 75 
gram oral glucose 
load 

N=3,234 
 

3.2 years 
(mean) 

Primary: 
Prevalence of the 
metabolic syndrome 
at baseline in the 
Diabetes Prevention 
Program and the 
incidence of new 
cases after intensive 
lifestyle intervention 
and metformin  
 
Secondary:  
Not reported 

Primary: 
53% of the participants (N=1,711) fulfilled the criteria for the metabolic 
syndrome, this proportion was relatively constant by age (no P value reported). 
 
Incidence of the metabolic syndrome was reduced by 41% in the intensive 
lifestyle group (P<0.001) and by 17% in the metformin group (P=0.03) 
compared to placebo. 
 
Resolution of metabolic syndrome in participants who had the syndrome at 
baseline was significant for intensive lifestyle interventions vs placebo 
(P=0.002). The prevalence at 3 years varied significantly by treatment group 
(P<0.001): 18% of the placebo group, 23% of the metformin group, and 38% 
of the intensive lifestyle group no longer had the syndrome.  
 
Prevalence of the metabolic syndrome in all participants increased from 55% at 
baseline to 61% after 3 years in the placebo group (P=0.003) and from 54% to 
55% in the metformin group (P>0.2), but decreased in the intensive lifestyle 
group from 51% to 43% (P<0.001). 
 
Three-year cumulative incidences of the metabolic syndrome were 51% for 
placebo, 45% for metformin, and 34% for intensive lifestyle groups.  
 
Secondary:  
Not reported 

*Synonym for glyburide 
†Agent not available in the US 
Drug regimen abbreviations: BID=twice daily, QD=once daily 
Study abbreviations: AC=active-controlled, CI=confidence interval, DB=double-blind, MC=multicenter, OL=open-label, OS=observational study, PC=placebo-controlled, PG=parallel-group, 
RCT=randomized controlled trial, RETRO=retrospective, SB=single-blind 
Abbreviations: BMI=body mass index, CRP=C-reactive protein, ER=extended release, FEV1=forced expiratory volume in 1 second, FPG=fasting plasma glucose, GI=gastrointestinal, HbA1c=hemoglobin A1c, 
HDL=high density lipoprotein, IR=immediate release, ITT=intent-to-treat, LDL=low density lipoprotein, NIDDM=non-insulin-dependent diabetes mellitus, OR=odds ratio, PPG=postprandial glucose, 
RR=relative risk, SMBG=self-monitored blood glucose, TC=total cholesterol, TG=triglycerides, XR=extended release
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Additional Evidence 
 
Dose Simplification 
Metformin immediate-release formulations are given in divided doses, generally 2 or 3 times daily. The sustained-
release formulations are given once daily.3-7 A few studies investigated dose simplification with metformin 
products. 
  
In a randomized, double-blind, active-controlled, fixed dose study, Schwartz et al compared the efficacy, 
tolerability, and safety of metformin immediate-release tablets to metformin extended-release tablets.25 Patients 
received a dose of 1,500 mg once daily, 1,500 mg twice daily or 2,000 mg once daily of metformin extended-
release or 1,500 mg daily of metformin immediate-release given in two divided doses (in the morning and 
evening). They found that once-daily extended-release metformin was as effective as twice-daily immediate-
release metformin.  
 
In a study by Donnan et al, the patterns and predictors of adherence in all patients with type 2 diabetes in the 
community receiving treatment with a single oral hypoglycemic drug was investigated.40 They found 2,849 
patients for analysis. A ≥90% adherence index was found in 31.3% of the patients prescribed sulfonylureas alone 
(N=1,321) and in 33.9% of those prescribed metformin alone (N=528). Patients with better adherence tended to be 
younger and have a significantly shorter duration of diabetes. There was no real difference in adherence between 
males and females. There were linear trends of poorer adherence with each increase in the daily number of tablets 
taken for both sulfonylurea (P=0.001) and metformin (P=0.074) indices. There were significant trends of 
decreasing adherence with the number of comedications for the sulfonylurea alone group (P=0.0001) and 
metformin monotherapy group (P=0.007). This study did not measure the impact of adherence on clinical 
outcomes. 

 
Stable Therapy 
In a multicenter, randomized, double-blind, parallel-group study with established type 2 diabetes, patients were 
continued on their metformin immediate-release 500 mg tablets twice daily or changed to metformin extended-
release 1,000 mg or 1,500 mg once daily. They found comparable efficacy and tolerability in the patients changed 
over to a once-daily extended-release metformin product to those patients who continued on metformin 
immediate-release twice-daily therapy.24 

 
In another study, similar results were found when changing patients from an immediate-release metformin to an 
extended-release product.2 Patients that were taking metformin immediate-release 2 to 3 times daily were slowly 
changed over to an extended-release product given once or twice daily. They found that patients receiving 
immediate-release metformin achieved comparable glycemic control when the therapy was changed over to a 
once- or twice-daily metformin extended-release at the same total daily dose. The investigators state that 
compliance was assessed by reviewing the tablet counts and asking patients to confirm their compliance at each 
visit; however, the outcome of this data was not reported. 
 
Impact on Physician Visits 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 

IX. Cost 
 

A “relative cost index” is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For branded products with little 
or no recent utilization data, the average cost per prescription is calculated by the average wholesale price (AWP) 
and the standard daily dosing per product labeling. For generic products with little or no recent utilization data, the 
average cost per prescription is calculated by the Alabama Medicaid maximum allowable cost (MAC) and the 
standard daily dosage per product labeling. Please note that the relative cost index does not factor in additional 
cost offsets available to the Alabama Medicaid program via pharmaceutical manufacturer rebating.  
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The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale  
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 
Rx=prescription 

 
Table 10.  Relative Cost of the Biguanides 

Generic Name Formulation(s) Example Brand Name(s) Brand Cost Generic 
Cost 

metformin  oral solution, tablet, 
sustained-release tablet 

Fortamet®, Glucophage®*, 
Glucophage XR®*, 
Glumetza®, Riomet® 

$$$-$$$$ $ 

*Generic is available in at least one dosage form or strength. 
 
X. Conclusions 
  

The biguanides are approved for the treatment of type 2 diabetes. The effectiveness of metformin as monotherapy 
and in combination with other antidiabetic agents and/or insulin has been demonstrated through many clinical 
trials.2,15-35 Metformin improves glycemic control and has positive effects on cholesterol profiles.20-22, 25-26, 29, 31, 35,37 
Metformin therapy in overweight type 2 diabetic patients, when compared to conventional diet therapy, 
significantly reduced the risk of any diabetes-related endpoint, as well as reduced all-cause mortality, diabetes-
related deaths, and myocardial infarction.30-31 Additionally, metformin was shown to reduce the incidence of 
diabetes and metabolic syndrome in patients at high risk; however, intensive lifestyle modifications had a greater 
reduction in their incidences than metformin.15,20 

 
Metformin is available in several different formulations, which include metformin immediate-release tablets and 
solution, as well as three sustained-release formulations. Generic formulations are available for the immediate-
release and sustained-release tablets. Metformin solution was found to have an equivalent rate and extent of 
absorption as metformin immediate-release tablets.6 The sustained-release product, Fortamet®, demonstrated that it 
was clinically similar to metformin immediate-release tablets.7 Additionally, clinical studies reported comparable 
changes in HbA1c and fasting plasma glucose concentrations between the immediate-release formulations and 
sustained-release formulations.2,24-25 

 
The most common adverse drug events reported with metformin are gastrointestinal and include diarrhea, 
flatulence, nausea, vomiting, abdominal pain, and indigestion.7 According to selected studies, gastrointestinal 
adverse reactions rates were similar between immediate-release and sustained-released metformin products.23-25 
However, the study by Fujoka et al was not statistically powered to detect differences in tolerability between the 
sustained-release metformin and immediate-release metformin.24 Additionally, there is a risk of lactic acidosis 
associated with metformin and a black box warning exists regarding this adverse event. Although the incidence of 
lactic acidosis is rare, it can be fatal in approximately 50% of cases.4 Patients with renal insufficiency, congestive 
heart failure, hepatic impairment, past history of lactic acidosis, decreased tissue perfusion, hemodynamic 
instability, hypoxic states or serious acute illness are at increased risk of lactic acidosis. Metformin should be 
avoided in patients with these conditions.4,8 

 
Currently, national and international treatment guidelines list metformin as a preferred option along with other 
commonly used agents or as the first-line option for the treatment of type 2 diabetes.10-16 The ACE/ACCE Road 
Map for the prevention and treatment of type 2 diabetes includes metformin among their choices for the prevention 
of type 2 diabetes.13 Metformin is not FDA approved for the prevention of type 2 diabetes. Treatment guidelines 
do not differentiate between the different biguanide formulations.10,16 

  



   

137 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Therefore, all brand products within the class reviewed are comparable to each other and to the generics and over-
the-counter products in this class and offer no significant clinical advantage over other alternatives in general use.  

 

XI. Recommendations 
 
No brand biguanide is recommended for preferred status. Alabama Medicaid should accept cost proposals from 
manufacturers to determine cost effective products and possibly designate one or more preferred brands. 
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I. Overview 
 

Dipeptidyl peptidase-4 (DPP-4) inhibitors represent a new class of oral antidiabetic medications. This class 
reversibly blocks the inactivation of incretin hormones. Incretins are produced by the gastrointestinal tract in 
response to meals and are involved in the regulation of insulin. The inhibition of this enzyme, which is responsible 
for the inactivation of incretin hormones, results in an increase in insulin production and release from pancreatic β 
cells and a decrease in glucagon secretion from pancreatic α cells, thus decreasing hepatic glucose production. The 
agent(s) in this class also delay gastric emptying and increase satiety. DPP-4 inhibitors primarily target 
postprandial glucose and have also been shown to decrease fasting plasma glucose levels.1-4  
 
Sitagliptin is currently the only DPP-4 inhibitor available in the United States (US). Sitagliptin was Food and Drug 
Administration (FDA) approved in October 2006 as an adjunct to diet and exercise to improve glycemic control in 
patients with type 2 diabetes, either alone or in combination with other oral antihyperglycemic agents. 
 
This medication should not be used in patients with type 1 diabetes or for the treatment of diabetic ketoacidosis. 
Overall, sitagliptin has demonstrated modest reductions in hemoglobin A1c (HbA1c) levels with no significant 
changes in body weight and very low rates of hypoglycemia or gastrointestinal distress.1-4 

 
The single entity DPP-4 inhibitors that are included in this review are listed in Table 1. This review encompasses 
all dosage forms and strengths. 

 
Table 1.  Single Entity Dipeptidyl Peptidase-4 (DPP-4) Inhibitors Included in this Review 

Generic Name Formulation(s) Example Brand 
Name(s) 

Current PDL 
Agent(s) 

sitagliptin  tablet  Januvia® none 
No generic products are available in this class. 

 
II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current treatment guidelines that incorporate the single entity DPP-4 inhibitors are summarized in Table 2. At this 
time, the role of the DPP-4 inhibitors for the treatment of diabetes has not been specified in the treatment 
guidelines endorsed by the Institute for Clinical Systems Improvement (ICSI) or the National Institute for Clinical 
Excellence (NICE). Also, the International Diabetes Federation (IDF) diabetes treatment guidelines5 do not 
incorporate the dipeptidyl peptidase-4 (DPP-4) inhibitors into their recommendations. However, the recently 
published IDF guidelines for the management of postmeal glucose6 include the dipeptidyl peptidase-4 (DPP-4) 
inhibitors as an available treatment option, along with the α-glucosidase inhibitors, amylin analogs, exenatide, 
insulins, and meglitinides for postmeal glucose management. For a more comprehensive overview of the treatment 
of diabetes, please refer to the Appendix. 

 
Table 2.  Treatment Guidelines Using the Single Entity Dipeptidyl Peptidase-4 (DPP-4) Inhibitors  

Clinical Guideline Recommendation(s) 
American Diabetes Association 
(ADA):  
Standards of Medical Care in 
Diabetes—20087 

Prevention of Type 2 Diabetes 
• Metformin should be the only drug considered for use in diabetes prevention. For 

other drugs, issues of side effects and lack of persistence of effect in some studies 
led the panel to not recommend their use for diabetes prevention. 

• In addition to lifestyle counseling, metformin may be considered in those who are 
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Clinical Guideline Recommendation(s) 
at very high risk and who are obese and under 60 years of age. 

 
Treatment of Type 2 Diabetes 
• Please see the following guideline (2006) and consensus statement update (2008) 

by the American Diabetes Association (ADA)/European Association for the Study 
of Diabetes (EASD).  

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD): 
Management of Hyperglycemia 
in Type 2 Diabetes: A 
Consensus Algorithm for the 
Initiation and Adjustment of 
Therapy (2006)8 

• There is insufficient data to support recommending one class of agents or a 
combination of medications over others with regards to effects on complications. 

• Metformin, along with lifestyle intervention, should be the initial pharmacologic 
therapy in the absence of specific contraindications, when lifestyle intervention 
fails to achieve or maintain metabolic goals. 

• If lifestyle intervention and maximally tolerated doses of metformin fail to 
achieve glycemic goals, another medication should be added within 2-3 months of 
therapy initiation or whenever HbA1c goal is not achieved. Second-line 
pharmacologic therapies may include insulin, a sulfonylurea, or a 
thiazolidinedione. 

• This guideline does not discuss the role of DPP-4 inhibitors in the treatment of 
type 2 diabetes. 

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD):  
Management of Hyperglycemia 
in Type 2 Diabetes Mellitus: A 
Consensus Algorithm for the 
Initiation and Adjustment of 
Therapy: Update Regarding the 
Thiazolidinediones (2008)9 

• The guideline states that α-glucosidase inhibitors, exenatide, meglitinides, 
pramlintide and sitagliptin were not included in the treatment algorithm due to 
their generally lower overall glucose-lowering effectiveness and limited clinical 
data. However, these agents may be appropriate in selected patients. 

American Association of Clinical 
Endocrinologists (AACE):  
Medical Guidelines for Clinical 
Practice for the Management of 
Diabetes Mellitus (2007)10 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, initiate monotherapy with α-glucosidase 

inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors, metformin, secretagogues 
(meglitinides or sulfonylureas) or thiazolidinediones. 

• In patients with an HbA1c of 7%-8%, initiate combination therapy. Regimens may 
include a DPP-4 inhibitor combined with metformin or a thiazolidinedione. 

• In patients with an HbA1c of 8%-10%, initiate/intensify combination therapy to 
address fasting and postprandial glucose levels. 

 
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• The combination therapies listed for patients naïve to therapy are appropriate for 

patients being treated pharmacologically.  
American College of 
Endocrinologists 
(ACE)/American Association of 
Clinical Endocrinologists 
(AACE), Diabetes Road Map 
Task Force:  
Road Maps to Achieve 
Glycemic Control in Type 2 
Diabetes (2007)11 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, the following are preferred as initial therapy: 

α-glucosidase inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors, metformin or 
thiazolidinediones. (Note: the road map cites a recent report that suggests a 
possible link of rosiglitazone to cardiovascular events and requires further 
evaluation.) 

• In patients with an HbA1c of 7%-8%, a DPP-4 inhibitor may be combined with an 
α-glucosidase inhibitor, a meglitinide, metformin, a sulfonylurea or a 
thiazolidinedione to achieve glycemic goals. Two or more agents may be required. 

• In patients with an HbA1c of 8%-9%, a DPP-4 inhibitor may be combined with a 
basal insulin analog, a meglitinide, metformin, NPH insulin, a prandial insulin, 
premixed insulin preparations, a sulfonylurea, a thiazolidinedione or other 
approved combinations to achieve glycemic goals. 

 
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
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Clinical Guideline Recommendation(s) 
• In patients with an HbA1c of 6.5%-8.5%, a DPP-4 inhibitor may be added to 

metformin or a thiazolidinedione. 
International Diabetes Federation 
(IDF) Clinical Guidelines Task 
Force:  
Global Guideline for Type 2 
Diabetes (2005)5 

• This guideline does not discuss the role of DPP-4 inhibitors in the treatment of 
type 2 diabetes. 

Institute for Clinical Systems 
Improvement (ICSI):  
Healthcare Guideline: 
Management of Type 2 Diabetes 
Mellitus (2006)12 

• This guideline does not discuss the role of DPP-4 inhibitors in the treatment of 
type 2 diabetes. 

National Institute for Health and 
Clinical Excellence (NICE): 
Clinical Guidelines for Type 2 
Diabetes: Management of Blood 
Glucose (2002)13 

• This guideline does not discuss the role of DPP-4 inhibitors in the treatment of 
type 2 diabetes. 

 
III. Indications 
 

FDA-approved indications for the single entity DPP-4 inhibitors are noted in Table 3. While agents within this 
therapeutic class may have demonstrated positive activity via in vitro trials, the clinical significance of this activity 
remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo clinical trials. As such, this 
review and the recommendations provided are based exclusively upon the results of such clinical trials.  

  
Table 3.  FDA-Approved Indications for the Single Entity Dipeptidyl Peptidase-4 (DPP-4) Inhibitors4 

Indication Sitagliptin  
As an adjunct to diet and exercise to improve glycemic control in adults with type 2 diabetes mellitus a* 
*Indicated as monotherapy and combination therapy. Januvia® has been studied as monotherapy and in combination with metformin, pioglitazone, 
glimepiride, and glimepiride+metformin.  
 
IV. Pharmacokinetics 
 
 The pharmacokinetic parameters for the single entity DPP-4 inhibitors are summarized in Table 4.   
 
Table 4. Pharmacokinetic Parameters of the Single Entity Dipeptidyl Peptidase-4 (DPP-4) Inhibitors1-2,4 

Drug Bioavailability 
(%) 

Protein Binding 
(%) 

Metabolism Elimination 
 

Half-Life 
(hours) 

Sitagliptin 87 38 Hepatic (minimal, 
CYP3A4 and CYP2C8) 

Urine (87%) 
Feces (13%) 

12.4 

 
V. Drug Interactions 

 
Significant drug interactions with the single entity DPP-4 inhibitors are listed in Table 5.  

 
Table 5.  Significant Drug-Drug Interactions with the Single Entity Dipeptidyl Peptidase-4 (DPP-4) Inhibitors4,14 

Drug(s) Significance Level Interaction Mechanism 
Sitagliptin 2 Digoxin Sitagliptin may increase the concentration of digoxin. Monitor 

patients receiving digoxin appropriately. No dosage adjustment of 
digoxin or sitagliptin is recommended.  

Significance Level 1=major severity 
Significance Level 2=moderate severity 
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VI. Adverse Drug Events 
 

The most common adverse reactions reported with the single entity DPP-4 inhibitors are noted in Table 6.  
There is an increased risk of hypoglycemia when given in combination with a sulfonylurea. A lower dose of the 
sulfonylurea may be required. There have been postmarketing reports of hypersensitivity reactions including 
anaphylaxis, angioedema and exfoliative skin reactions such as Stevens-Johnson syndrome.4  
 

Table 6.  Adverse Drug Events (%) Reported with the Single Entity Dipeptidyl Peptidase-4 (DPP-4) Inhibitors4 
Adverse Event(s) Sitagliptin  
Central Nervous System 
Headache 1.1-5.9 
Dermatological 
Angioedema a 
Exfoliative skin conditions a 
Rash a 
Urticaria a 
Endocrine and Metabolic 
Hypoglycemia 1.2 
Gastrointestinal 
Abdominal pain 2.3 
Diarrhea 3.0 
Nausea 1.4 
Hematologic 
Elevated neutrophils a 
Laboratory Test Abnormalities 
Elevated creatinine a 
Respiratory 
Nasopharyngitis 5.2 
Upper respiratory infection 4.5-6.3 
Other 
Anaphylaxis a 
aPercent not specified or incidence <1% 
 
VII. Dosing and Administration 
 

The usual dosing regimens for the single entity DPP-4 inhibitors are summarized in Table 7. 
Dose adjustment is recommended in patients with moderate-to-severe renal insufficiency, as well as, in patients 
with end-stage renal disease (ESRD) on dialysis.  

  
Table 7.  Usual Dosing for the Single Entity Dipeptidyl Peptidase-4 (DPP-4) Inhibitors4 

Drug(s) Usual Adult Dose Usual Pediatric Dose Availability 
Sitagliptin 
 

Tablet:  
100 mg once daily 
 

Safety and efficacy in children have not been 
established. 

Tablet:  
25 mg 
50 mg 
100 mg 
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VIII. Effectiveness  
 
 Clinical studies evaluating the safety and efficacy of the single entity DPP-4 inhibitors are summarized in Table 8.  

 
Table 8.  Comparative Clinical Trials Using the Single Entity Dipeptidyl Peptidase-4 (DPP-4) Inhibitors 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Amori et al15 

 
Sitagliptin monotherapy 
 
vs 
 
vildagliptin* 
monotherapy 
 
vs 
 
sitagliptin in 
combination with 
metformin or 
pioglitazone 
 
vs 
 
vildagliptin* in 
combination with 
metformin or 
pioglitazone  
 
vs 
 
placebo 

MA, RCT 
 
Nonpregnant 
adults with type 2 
diabetes with a 
baseline HbA1c 
level of 7.6%-8.1% 

N=9,812 
 

29 trials 
(8 trials with 
sitagliptin) 

 
12-52 weeks 

Primary: 
Glycemic efficacy 
(HbA1c change 
from baseline)  
 
Secondary: 
FPG, PPG, 
patients achieving 
HbA1c<7%, 
change in body 
weight and lipid 
profile and safety 
(hypoglycemia 
and adverse 
events)  

Primary: 
The DPP-4 inhibitors as a class significantly decreased HbA1c compared with placebo 
(–0.74%; 95% CI, –0.85% to –0.62%) with similar efficacy as monotherapy or in 
combination. Both sitagliptin and vildagliptin have been shown to cause a similar 
decrease in HbA1c vs placebo (–0.74% vs –0.73%). No clinical trials have been 
performed directly comparing these agents. DPP-4 inhibitors (4 trials) demonstrated 
slightly less efficacy in regards to glycemic outcomes when compared to other 
hypoglycemic agents (0.21%; 95% CI, 0.02% to 0.39%). Sitagliptin was determined to 
be as effective as glipizide in 1 trial.  
 
Patients in DPP-4 inhibitor groups achieved an HbA1c level <7% at a greater rate vs 
placebo (43% vs 17%; risk ratio, 2.5%; 95% CI, 2.1 to 2.8). No difference was found 
between sitagliptin and vildagliptin. Overall, there was a larger decrease in HbA1c 
noted in patients with higher levels at baseline. 
 
Secondary: 
A greater improvement in FPG with the DPP-4 inhibitors was determined when 
compared to placebo (–18 mg/dL; 95% CI, –22 to –14 mg/dL), with sitagliptin 
providing a greater decrease than vildagliptin. Statistically significant decreases in 
PPG were shown with sitagliptin at 2 hours after a meal. Sitagliptin did not show an 
overall change in lipid profile as compared to placebo.  
 
In 13 trials DPP-4 inhibitors demonstrated a small increase in weight as compared to 
placebo (0.5 kg; 95% CI, 0.3 to 0.7 kg). In 1 trial comparing it to glipizide, sitagliptin 
provided a decrease in body weight compared to an increase with glipizide (–2.5 kg vs 
1.0 kg, respectively). 
 
Only 2 patients experienced severe hypoglycemia while on DPP-4 inhibitors. An 
increased risk of infection (nasopharyngitis, urinary tract infection) and headache was 
observed with the DPP-4 inhibitors; however, they had a much lower rate of 
gastrointestinal side effects relative to comparators.  
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

 
Only data from patients taking the maximum dose of sitagliptin, 100 mg, was used in 
the meta-analysis to calculate dose-dependent outcomes such as glycemic efficacy. 
Reported data from patients taking the entire range of doses was evaluated for side 
effects. 

Monotherapy 
Aschner et al16 

 
Sitagliptin 100 mg QD 
 
vs 
 
sitagliptin 200 mg QD 
 
vs 
 
placebo 
 
Metformin was used as 
rescue therapy if defined 
glycemic goals were not 
met. 
 

DB, MC, PC, RCT 
 
Patients 18-75 
years old with type 
2 diabetes, either 
on or naïve to an 
oral 
antihyperglycemic 
agent, with an 
average baseline 
HbA1c of 8.0% 
 
Patients with 
significant renal 
impairment were 
excluded. 

N=741 
 

24 weeks 
 

Primary:  
Change from 
baseline HbA1c, 
FPG, PPG, fasting 
insulin, 
proinsulin, and 
fasting lipids, and 
assessment of β-
cell function and 
insulin resistance 
 
Secondary: 
Safety and 
tolerability 
assessments 
 
 

Primary: 
Sitagliptin 100 mg and 200 mg significantly reduced HbA1c compared with placebo 
(P<0.001), by –0.79% for 100 mg vs placebo (95% CI, –0.96 to –0.62) and –0.94% for 
200 mg vs placebo (95% CI, –1.11 to –0.77). At the conclusion of the study, 41% of 
patients in the sitagliptin 100 mg group and 45% in the sitagliptin 200 mg group 
achieved an HbA1c<7.0% vs 17% in the placebo group (P<0.001 for active treatment 
vs placebo).  
 
Sitagliptin demonstrated significant between treatment differences vs placebo in FPG 
change from baseline of –17.1 mg/dL and –21.3 mg/dL for the 100 mg and 200 mg 
doses, respectively (P<0.001).  
 
The reduction in 2-hour PPG from baseline was significantly (P<0.001) greater with 
sitagliptin 100 mg (–48.9 mg/dL) and 200 mg (–56.3 mg/dL) than with placebo (–2.2 
mg/dL). 
 
There were no statistically significant effects on fasting insulin and proinsulin. 
Sitagliptin also had no significant effects on fasting lipids. 
 
HOMA-β was significantly increased and the proinsulin to insulin ratio was 
significantly decreased with sitagliptin treatment, indicating improved β-cell function 
(P≤0.001 and P≤0.01, respectively, for active treatment vs placebo). 
 
There were fewer patients in the active treatment groups than in the placebo group that 
required rescue therapy (8.8% for sitagliptin 100 mg, 4.8% for 200 mg and 20.6% for 
placebo, P<0.001 for sitagliptin vs placebo). 
 
Secondary: 
No meaningful differences in clinical adverse effects were noted between groups. The 
incidence of hypoglycemia was similar among groups yet did not exhibit marked 
severity. Both sitagliptin doses were well tolerated in this study.  
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Hanefeld et al17 
 
Sitagliptin 25 mg QD 
 
vs 
 
sitagliptin 50 mg QD 
 
vs 
 
sitagliptin 50 mg BID 
 
vs 
 
sitagliptin 100 mg QD 
 
vs 
 
placebo 

DB, MC, PC, PG, 
RCT  
 
Patients 23-74 
years of age with a 
mean baseline 
HbA1c of 7.6% to 
7.8% 

N=555 
 

12 weeks 

Primary: 
Change from 
baseline HbA1c, 
FPG, mean daily 
glucose, HOMA-
β, QUICKI, 
HOMA-IR 
 
Secondary: 
Adverse events, 
baseline body 
weight change 

Primary: 
Sitagliptin significantly reduced HbA1c levels by –0.39% to –0.56% relative to placebo 
(P<0.05).  
 
FPG was also significantly reduced by –11.0 mg/dL to –17.2 mg/dL as compared to 
placebo (P<0.05) and the largest decrease was found in the 100 mg QD group. 
Additionally a significant improvement in mean daily glucose was observed 
throughout all active treatment groups (–14.0 mg/dL to –22.6 mg/dL; P<0.05).  
 
HOMA-β was significantly increased (11.3 to 15.2; P<0.05) with sitagliptin, whereas 
there was no significant change in QUICKI and HOMA-IR compared to placebo. 
 
There were no significant differences noted between sitagliptin given 100 mg QD as 
opposed to 50 mg BID for any end point.  
 
Secondary: 
Overall, there was a low frequency of hypoglycemia observed in the active treatment 
groups. There was no change in baseline body weight noted. 
 

Raz et al18 

 
Sitagliptin 100 mg QD 
 
vs 
 
sitagliptin 200 mg QD 
 
vs 
 
placebo 
 
Metformin was used as 
rescue therapy if defined 
glycemic goals were not 
met. 
 

DB, MC, PC, PG, 
RCT 
 
Patients 18-75 
years old with type 
2 diabetes with an 
HbA1c level 
between 7%-10% 
 
Patients with 
significant renal or 
hepatic disease 
were excluded. 

N=521 
 

18 weeks 
 

Primary:  
Change from 
baseline HbA1c 
 
Secondary: 
Changes in FPG, 
fasting insulin, 
proinsulin, and 
lipids, safety and 
tolerability 
assessments 
 

Primary: 
Treatment with both sitagliptin 100 mg and 200 mg doses led to a significant 
(P<0.001) reduction in HbA1c from baseline compared to placebo. In the sitagliptin 
100 mg group, HbA1c was reduced by –0.60% (95% CI, –0.82 to –0.39) and by –
0.48% (95% CI, –0.70 to –0.26) in the 200 mg group.  
 
Secondary:  
Treatment with sitagliptin led to significant (P<0.001) reductions in FPG compared to 
placebo throughout the treatment period. FPG was reduced by –1.1 mmol/L (95% CI, 
–1.7 to –0.5) and by –0.9 mmol/L (95% CI, –1.5 to –0.3) for sitagliptin 100 mg and 
sitagliptin 200 mg, respectively  
 
There were no statistically significant effects on fasting insulin, proinsulin or on 
fasting lipids. 
 
Rescue therapy was required for 8.8% of the sitagliptin 100 mg treatment group, 
11.7% of patients on sitagliptin 200 mg, and 17.3% of the placebo group (no P value 
reported).  
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Treatment with sitagliptin was well tolerated. There were no statistically significant 
differences between treatment groups in the incidence of adverse effects. The 
incidence of hypoglycemia and gastrointestinal side effects was not significantly 
different among all treatment groups. 

Nonaka et al19 

 

Sitagliptin 100 mg QD 
 
vs 
 
placebo 
  

 

 

DB, MC, PC, RCT 
 
Japanese patients 
with type 2 
diabetes with an 
HbA1c ≥6.5% to 
<10% and FPG 
≥126 mg/dL to 
≤240 mg/dL 

N=151 
 

12 weeks 

Primary: 
Change from 
baseline HbA1c, 
FPG, PPG, body 
weight changes, 
adverse effects 
 
Secondary: 
Not reported 

Primary: 
Sitagliptin demonstrated a least squares mean change from baseline HbA1c of –0.65% 
(95% CI, –0.80 to –0.50) compared to placebo (0.41%; 95% CI, 0.26 to 0.56). The 
between group difference was –1.05% (95% CI, –1.27 to –0.84); P <0.001.  
 
A greater proportion of patients on sitagliptin achieved an HbA1c level of <7% than 
placebo (P<0.001). Patients in the sitagliptin group experienced a least squares mean 
change of –22.5 mg/dL (95% CI, –28.0 to –17.0). On the other hand, the least squares 
mean change of FPG in the placebo group was 9.4 mg/dL (95% CI, 3.9 to 14.9). The 
between group difference was –31.9 mg/dL (95% CI, –39.7 to –24.1; P<0.001).  
 
The 2-hour PPG level of patients receiving sitagliptin was significantly lower than for 
those on placebo (P value not reported). A 0.1 kg decrease in weight was seen in the 
sitagliptin group compared to a reduction of 0.7 kg in the placebo group (P<0.01). No 
notable difference in adverse events, including hypoglycemia, was shown between the 
comparators.  
 
Secondary: 
Not reported 

Scott et al20 

 
Sitagliptin 5 mg BID 
 
vs 
 
sitagliptin 12.5 mg BID 
 
vs 
 
sitagliptin 25 mg BID 
 
vs 

AC, DB, PC, RCT 
 
Patients with type 
2 diabetes 
inadequately 
controlled (mean 
HbA1c of 7.9%) 
with diet and 
exercise 

N=743 
 

12 weeks 

Primary: 
Change from 
baseline HbA1c, 
FPG, mean daily 
glucose, changes 
in weight, adverse 
effects 
 
Secondary: 
Not reported 

Primary: 
All sitagliptin treatment groups demonstrated a significant reduction in HbA1c over 
placebo (–0.38% to – 0.77%; P <0.001). Sitagliptin at a dose of 50 mg BID resulted in 
the largest decrease. The placebo subtracted difference in HbA1c of glipizide was –
1.00%.  
 
Sitagliptin, at all doses, also demonstrated significant reductions in FPG and mean 
daily glucose.  
 
No significant changes in baseline body weight were observed in the sitagliptin groups 
compared to placebo, whereas the glipizide group demonstrated modest weight gain vs 
placebo (no P value reported).  
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sitagliptin 50 mg BID 
 
vs 
 
glipizide 5 mg daily 
electively titrated up to 
20 mg daily 
 
vs  
 
placebo 

The incidence of hypoglycemia was highest in the glipizide-treated group (17%) as 
compared to placebo (2%) and sitagliptin (0-4%, not dose dependent).  
 
Secondary: 
Not reported 

Combination Therapy 
Rosenstock et al21 
 
Sitagliptin 100 mg QD in 
addition to pioglitazone 
30 or 45 mg QD (SIT + 
PIO) 
 
vs 
 
pioglitazone 30 or 45 mg 
QD in addition to 
placebo (PBO + PIO) 
 
Metformin was used as 
rescue therapy if defined 
glycemic goals were not 
met. 
 

DB, MC, PC, PG, 
RCT 
 
Patients 18 years 
old and over with 
type 2 diabetes and 
inadequate 
glycemic control 
(HbA1c≥7% and 
≤10%) on 
pioglitazone 
monotherapy  

N=353 
 

24 weeks 
 

Primary:  
Change from 
baseline HbA1c 
 
Secondary: 
Change from 
baseline in FPG, 
fasting insulin, 
proinsulin, lipid 
parameters, safety 
and tolerability  

Primary: 
There were significant decreases in HbA1c with the SIT + PIO-treated group compared 
to the PBO + PIO group (P<0.001). The mean HbA1c change from baseline was –
0.70% (95% CI, –0.85 to –0.54). 45.4% in the SIT + PIO-treated group achieved an 
HbA1c<7% compared to 23.0% in the PBO + PIO group (P<0.001).  
  
Secondary: 
FPG significantly decreased in the SIT + PIO group relative to baseline and PBO + 
PIO (–17.7 mg/dl; 95% CI, –24.3 to –11.0; P<0.001).  
 
SIT + PIO treatment, compared with PBO + PIO, reduced fasting serum proinsulin 
levels (P=0.009) and the proinsulin/insulin ratio (P<0.001).  
 
Triglycerides significantly decreased with SIT + PIO treatment compared with PBO + 
PIO, with a mean difference of –11.2% (95% CI, –22.0 to –0.4; P<0.041). However, 
there were no significant differences in the other lipid parameters. 
 
SIT + PIO were well tolerated with no increased risk of hypoglycemia compared to 
PBO + PIO. There was a small significant increase in the incidence of abdominal pain 
in the SIT + PIO group compared to the PBO + PIO group. There was no statistically 
significant difference in change of body weight from baseline observed between 
groups. 
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Nauck et al22 
 
Sitagliptin 100 mg QD in 
addition to metformin 
≥1,500 mg daily (SIT + 
MET) 
 
vs 
 
glipizide QD (5 mg 
titrated to a maximum of 
20 mg) in addition to 
metformin ≥1,500 mg 
daily (GLI + MET) 
 

AC, DB, MC, NI, 
PG, RCT 
 
Patients 18-78 
years old with type 
2 diabetes who 
were inadequately 
controlled (HbA1c 
≥6.5% and ≤10%) 
on metformin 
monotherapy  

N=1,172 
 

52 weeks 
 

Primary:  
Noninferiority of 
sitagliptin 
compared to 
glipizide (change 
in baseline 
HbA1c)  
 
Secondary: 
FPG, fasting 
insulin, 
proinsulin, and 
lipid parameters, 
β-cell function, 
insulin resistance 
and sensitivity, 
safety and 
tolerability, 
change in body 
weight 

Primary: 
In both the SIT + MET and GLI + MET groups, the least squares mean HbA1c change 
from baseline was –0.67% (95% CI, –0.75 to –0.59). (The upper limit of the two-sided 
95% CI for the between group least square mean difference of 0.08% was less than the 
prespecified noninferiority margin of 0.3 %.)  
 
A similar proportion of patients reached an HbA1c level <7% in each group (63% for 
SIT + MET and 59% for GLI + MET; difference of 3.9%; 95% CI, –2.8 to 10.7). 
Sitagliptin showed noninferiority to glipizide.  
  
Secondary:  
The change in FPG was not significantly different between groups. The least squares 
change from baseline for SIT + MET was –0.56 mmol/L (95% CI,  
–0.81 to –0.30) and –0.42 mmol/L for GLI + MET (95% CI, –0.67 to –0.17). SIT + 
MET treatment led to a decrease in fasting proinsulin compared with an increase with 
GLI + MET (P value not reported).  
 
Patients in the GLI + MET treatment group demonstrated a higher rate of 
hypoglycemia as compared to the SIT + MET group (32% vs 5%; P<0.001). No 
meaningful differences in overall serious clinical adverse events were observed 
between the SIT + MET and the GLI + MET group.  
 
Body weight significantly decreased with SIT + MET. The least squares mean change 
from baseline was –1.5 kg (95% CI, –2 to –0.9). Body weight significantly increased 
in the GLI + MET group with a least squares mean change from baseline of 1.1 kg 
(95% CI, 0.5 to 1.6) with between-treatment difference of –2.5 kg (95% CI, –3.1 to –
2.0; P<0.001). 

Hermansen et al23 
 
Sitagliptin 100 mg QD in 
addition to glimepiride 
4-8 mg daily 
 
vs 
 
sitagliptin 100 mg QD in 
addition to glimepiride 

DB, MC, PG, RCT 
 
Patients 18 to 75 
years old with type 
2 diabetes with a 
baseline HbA1c 
level between 
6.7%-10.6%  
 
Patients with renal 

N=441 
 

24 weeks 
 
 

Primary:  
Change from 
baseline HbA1c 
 
Secondary: 
Change from 
baseline in FPG, 
plasma lipids, 
assessment of β-
cell function 

Primary: 
The addition of sitagliptin significantly decreased HbA1c (P<0.001) from baseline with 
a least squares mean change of –0.74% (95% CI, –0.90 to –0.57) compared to placebo. 
 
A larger placebo-subtracted decrease in HbA1c of –0.89% (95% CI, –1.10 to –0.68) 
was observed in the patients on triple active therapy, compared to the dual active 
treatment group (–0.57%; 95% CI, –0.82 to –0.32). For the overall study population, 
there was a significantly higher proportion of patients achieving an HbA1c<7.0% with 
sitagliptin treatment (17.1%) than with placebo (4.8%; P<0.001). More patients in the 
triple active treatment group achieved an HbA1c<7.0% than patients in the glimepiride, 
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4-8 mg daily and 
metformin 1,500-3,000 
mg daily 
 
vs 
 
glimepiride 4 mg to 8 mg 
daily and placebo 
 
vs 
 
glimepiride 4-8 mg daily, 
metformin 1,500-3,000 
mg daily and placebo 
 
Pioglitazone 30 mg daily 
was used as rescue 
therapy if defined 
glycemic goals were not 
met. 

dysfunction were 
excluded. 

(HOMA- β, 
proinsulin/insulin 
ratio) and insulin 
resistance 
(HOMA-IR, 
QUICKI), safety 
and tolerability  

metformin and placebo group (22.6% vs 1.0%; P<0.001). No significant difference 
was noted between glimepiride and sitagliptin vs glimepiride and placebo in the 
number of patients who reached an HbA1c level <7.0% (10.8% vs 8.7%; P<0.638). 
 
Secondary: 
Sitagliptin led to significant (P<0.001) reductions in baseline FPG compared to 
placebo with overall least squares mean change from baseline of –20.1 mg/dl (95% CI, 
–28.4 to –11.8).  
 
There was an overall significant increase in fasting insulin with sitagliptin (1.8 
μIU/mL; 95% CI, 0.8 to 2.9) relative to placebo (0.1 μIU/mL; 95%CI, –1.1 to 1.2; 
P<0.001).  
 
A significant increase in HOMA-β was also observed in the sitagliptin groups 
compared to placebo (11.3%; 95% CI, 4.4 to 18.1 vs –0.7%; 95% CI, –8.2 to 6.8; 
P<0.001). There were no significant differences in fasting proinsulin, 
proinsulin/insulin ratio, HOMA-IR and QUICKI between the treatments (specific 
figures not reported).  
 
Sitagliptin showed neutral effects on plasma lipids compared to placebo (specific 
figures not reported).  
 
Sitagliptin was essentially well tolerated, both with glimepiride alone and in 
combination with metformin. There was a higher incidence of overall adverse events 
(difference of 8.0%; 95% CI, 2.2 to 13.9) observed in the sitagliptin group relative to 
placebo, with the majority of that difference due to rates of hypoglycemia. None of 
these hypoglycemic events were considered severe.  
 
A slight, statistically significant increase in body weight of 0.8 kg (95% CI, 0.4 to 1.2) 
was noted in the sitagliptin group as compared to a slight decrease in weight for the 
placebo group (–0.4 kg; 95% CI, –0.8 to 0.1).  

*Not FDA approved 
Drug regimen abbreviations: BID=twice daily, QD=once daily 
Study abbreviations: AC=active-controlled, CI=confidence interval, DB=double-blind, MA=meta-analysis, MC=multicenter, NI=noninferiority, PC=placebo-controlled, PG=parallel-group, RCT=randomized 
controlled trial  
Miscellaneous abbreviations: FPG=fasting plasma glucose, HbA1c=hemoglobin A1c, HOMA-β=homeostasis model assessment-β cell function, HOMA-IR=homeostasis model assessment-insulin resistance, 
PPG=postprandial glucose, QUICKI=quantitative insulin sensitivity check index 
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Additional Evidence 
  

Dose Simplification 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 

    
Stable Therapy 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 

 
Impact on Physician Visits 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 

IX. Cost 
 

A “relative cost index” is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For branded products with little 
or no recent utilization data, the average cost per prescription is calculated by the average wholesale price (AWP) 
and the standard daily dosing per product labeling. For generic products with little or no recent utilization data, the 
average cost per prescription is calculated by the Alabama Medicaid maximum allowable cost (MAC) and the 
standard daily dosage per product labeling. Please note that the relative cost index does not factor in additional 
cost offsets available to the Alabama Medicaid program via pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 

 
Relative Cost Index Scale  
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 
Rx=prescription 

 
Table 9.  Relative Cost of the Single Entity Dipeptidyl Peptidase-4 (DPP-4) Inhibitors 

Generic Name Formulation(s) Example Brand 
Name(s) 

Brand Cost Generic Cost 

sitagliptin tablet Januvia® $$$$ N/A 
No generic products are available in this class.  
N/A=not available. 

 
X. Conclusions 

 
Sitagliptin, the only DPP-4 inhibitor currently available in the US, is indicated as both monotherapy and 
combination therapy, to improve glycemic control in patients with type 2 diabetes, as an adjunct to diet and 
exercise. The safety and efficacy of this agent has yet to be established in the pediatric population.  
 
The incidence of adverse effects is relatively low with this agent. The most common found in a meta-analysis were 
nasopharyngitis and headache.15 There are no cardiovascular-related issues associated with sitagliptin as exists 
with other classes of oral anithyperglycemics. Several postmarketing reports of hypersensitivity reactions have 
been reported with this medication. Sitagliptin has been studied in combination with glimepiride, a sulfonylurea, 
and demonstrated a potential increased risk of hypoglycemia when coadministered.23 A reduction in the dose of 
the sulfonylurea may be necessary in this case. In a study comparing combinations of glipizide and metformin to 
sitagliptin and metformin the rate of hypoglycemia was found to be much higher in the glipizide-metformin 
group.22 The use of sitagliptin in addition to insulin has not yet been studied. The one notable drug interaction is 
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that with digoxin. It is recommended that digoxin levels are monitored when given in combination with 
sitagliptin.4  
 
In a number of randomized-controlled studies, sitagliptin monotherapy demonstrated enhanced glycemic control, 
with improvements in HbA1c, FPG and PPG, over placebo. In addition, significantly more patients reached HbA1c 
goals.16-20 Studies involving sitagliptin in combination with metformin or pioglitazone have demonstrated an 
additive effect in glycemic control.21-23 In a trial monitoring the change in HbA1c from baseline, sitagliptin was 
determined to be as effective as glipizide.22 A systematic review of incretin therapy in type 2 diabetes showed that 
DPP-4 inhibitors demonstrated a small increase in weight as compared to placebo and provided a decrease in body 
weight compared to an increase with glipizide.15 The long-term safety and efficacy of these agents have yet to be 
established.  
 

The AACE medical guidelines for clinical practice for the management of diabetes mellitus do not designate a 
first-line therapy for the treatment of type 2 diabetes, but do include sitagliptin among the recommended 
therapeutic choices either as monotherapy or in combination with metformin or a thiazolidinedione in both therapy 
naïve patients, as well as those on current treatment.10 The ACE/AACE Diabetes Road Map Task Force: Road 
Maps to Achieve Glycemic Control in Type 2 Diabetes designates α-glucosidase inhibitors, DPP-4 inhibitors, 
metformin and thiazolidinediones as preferred oral antidiabetic agents for patients naïve to therapy with an initial 
HbA1c level of 6%-7%. In patients with an HbA1c of 7%-8%, a DPP-4 inhibitor may be combined with an α-
glucosidase inhibitor, a meglitinide, metformin, a sulfonylurea or a thiazolidinedione to achieve glycemic goals. 
Two or more agents may be required. While in patients with an HbA1c of 8%-9%, a DPP-4 inhibitor may be 
combined with a basal insulin analog, a meglitinide, metformin, NPH insulin, a prandial insulin, premixed insulin 
preparations, a sulfonylurea, a thiazolidinedione or other approved combinations to achieve glycemic goals. DPP-4 
inhibitors are not recommended for patients with an initial HbA1c level greater than 9%.11 The updated 
ADA/EASD guideline states that α-glucosidase inhibitors, exenatide, meglitinides, pramlintide and sitagliptin 
were not included in the treatment algorithm due to their generally lower overall glucose-lowering effectiveness 
and limited clinical data. However, these agents may be appropriate in selected patients.9 
 
Therefore, all brand products in this class review are comparable to the generics and over-the-counter products in 
this class and offer no significant clinical advantage over other alternatives in general use. 

 

XI. Recommendations 
 
No brand single entity dipeptidyl peptidase-4 (DPP-4) inhibitor is recommended for preferred status. Alabama 
Medicaid should accept cost proposals from manufacturers to determine cost effective products and possibly 
designate one or more preferred brands. 
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I. Overview 
 

Dipeptidyl peptidase-4 (DPP-4) inhibitors represent a new class of oral antidiabetic medications. This class 
reversibly blocks the inactivation of incretin hormones. The resulting effect is an increase in insulin production 
and release from pancreatic β cells and a decrease in glucagon secretion from pancreatic α cells, thus decreasing 
hepatic glucose production. These agents also delay gastric emptying and increase satiety. DPP-4 inhibitors 
primarily target postprandial glucose and have also been shown to decrease fasting plasma glucose levels.1-3 

Sitagliptin is the one agent available in this class. 
 
Metformin is a biguanide which improves glycemic control by decreasing endogenous hepatic glucose production, 
decreases intestinal absorption of glucose and increases peripheral uptake and utilization of glucose.  
 
Currently, there is one combination product available, sitagliptin and metformin. This agent has been FDA 
approved as an adjunct to diet and exercise, to improve glycemic control in adult patients with type 2 diabetes who 
are not adequately controlled on metformin or sitagliptin alone or in patients already being treated with the 
combination of sitagliptin and metformin. This combination has demonstrated an additive effect on glycemic 
control in patients with type 2 diabetes. 

 
The combination DPP-4 inhibitors that are included in this review are listed in Table 1. This review encompasses 
all dosage forms and strengths. 

 
Table 1.  Combination Dipeptidyl Peptidase-4 (DPP-4) Inhibitors Included in this Review 

Generic Name Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
sitagliptin and metformin tablet Janumet® none 
No generic products are available in this class.  

 
II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current treatment guidelines that incorporate the combination DPP-4 inhibitors are summarized in Table 2. At this 
time, the role of the combination DPP-4 inhibitors for the treatment of diabetes has not been specified in the 
treatment guidelines endorsed by the American Diabetes Association (ADA), and the Institute for Clinical Systems 
Improvement (ICSI) or the National Institute for Clinical Excellence (NICE). Also, the International Diabetes 
Federation (IDF) diabetes treatment guidelines4 do not incorporate the combination dipeptidyl peptidase-4 (DPP-
4) inhibitors into their recommendations. However, the recently published IDF guidelines for the management of 
postmeal glucose5 include the dipeptidyl peptidase-4 (DPP-4) inhibitors as an available treatment option, along 
with the α-glucosidase inhibitors, amylin analogs, exenatide, insulins and meglitinides for postmeal glucose 
management. For a more comprehensive overview of the treatment of diabetes, please refer to the Appendix. 

 
Table 2.  Treatment Guidelines Using the Combination Dipeptidyl Peptidase-4 (DPP-4) Inhibitors 

Clinical Guideline Recommendation(s) 
American Diabetes Association 
(ADA):  
Standards of Medical Care in 
Diabetes—20086 

Prevention of Type 2 Diabetes 
• Metformin should be the only drug considered for use in diabetes prevention. For 

other drugs, issues of side effects and lack of persistence of effect in some 
studies led the panel to not recommend their use for diabetes prevention. 

• In addition to lifestyle counseling, metformin may be considered in those who 
are at very high risk and who are obese and under 60 years of age. 
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Clinical Guideline Recommendation(s) 
 
Treatment of Type 2 Diabetes 
• Please see the following guideline (2006) and consensus statement update (2008) 

by the American Diabetes Association (ADA)/European Association for the 
Study of Diabetes (EASD).  

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD): 
Management of Hyperglycemia in 
Type 2 Diabetes: A Consensus 
Algorithm for the Initiation and 
Adjustment of Therapy (2006)7 

• There is insufficient data to support recommending one class of agents or a 
combination of medications over others with regards to effects on complications. 

• Metformin, along with lifestyle intervention, should be the initial pharmacologic 
therapy in the absence of specific contraindications, when lifestyle intervention 
fails to achieve or maintain metabolic goals. 

• If lifestyle intervention and maximally tolerated doses of metformin fail to 
achieve glycemic goals, another medication should be added within 2-3 months 
of therapy initiation or whenever HbA1c goal is not achieved. Second-line 
pharmacologic therapies may include insulin, a sulfonylurea, or a 
thiazolidinedione. 

• This guideline does not discuss the role of the combination DPP-4 inhibitors in 
the treatment of type 2 diabetes. 

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD):  
Management of Hyperglycemia in 
Type 2 Diabetes Mellitus: A 
Consensus Algorithm for the 
Initiation and Adjustment of 
Therapy: Update Regarding the 
Thiazolidinediones (2008)8 

• The guideline states that α-glucosidase inhibitors, exenatide, meglitinides, 
pramlintide and sitagliptin were not included in the treatment algorithm due to 
their generally lower overall glucose-lowering effectiveness and limited clinical 
data. However, these agents may be appropriate in selected patients. 

• This guideline does not discuss the role of the combination DPP-4 inhibitors in 
the treatment of type 2 diabetes. 

American Association of Clinical 
Endocrinologists (AACE):  
Medical Guidelines for Clinical 
Practice for the Management of 
Diabetes Mellitus (2007)9 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, initiate monotherapy with α-glucosidase 

inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors, metformin, secretagogues 
(meglitinides or sulfonylureas) or thiazolidinediones. 

• In patients with an HbA1c of 7%-8%, initiate combination therapy. Regimens 
may include a DPP-4 inhibitor combined with metformin or a thiazolidinedione. 

• In patients with an HbA1c of 8%-10%, initiate/intensify combination therapy to 
address fasting and postprandial glucose levels. 

 
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• The combination therapies listed for patients naïve to therapy are appropriate for 

patients being treated pharmacologically.  
• The role of the combination sitagliptin and metformin agent was not specifically 

discussed.  
American College of 
Endocrinologists (ACE)/American 
Association of Clinical 
Endocrinologists (AACE), Diabetes 
Road Map Task Force:  
Road Maps to Achieve Glycemic 
Control in Type 2 Diabetes 
(2007)10 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, the following are preferred as initial 

therapy: α-glucosidase inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors, 
metformin or thiazolidinediones. (Note: the road map cites a recent report that 
suggests a possible link of rosiglitazone to cardiovascular events and requires 
further evaluation.) 

• In patients with an HbA1c of 7%-8%, a DPP-4 inhibitor may be combined with an 
α-glucosidase inhibitor, a meglitinide, metformin, a sulfonylurea or a 
thiazolidinedione to achieve glycemic goals. Two or more agents may be 
required. 

• In patients with an HbA1c of 8%-9%, a DPP-4 inhibitor may be combined with a 
basal insulin analog, a meglitinide, metformin, NPH insulin, a prandial insulin, 
premixed insulin preparations, a sulfonylurea, a thiazolidinedione or other 
approved combinations to achieve glycemic goals. 
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Clinical Guideline Recommendation(s) 
 
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• In patients with an HbA1c of 6.5%-8.5%, a DPP-4 inhibitor may be added to 

metformin or a thiazolidinedione. 
International Diabetes Federation 
(IDF) Clinical Guidelines Task 
Force:  
Global Guideline for Type 2 
Diabetes (2005)4 

• This guideline does not discuss the role of the combination DPP-4 inhibitors in 
the treatment of type 2 diabetes. 

Institute for Clinical Systems 
Improvement (ICSI):  
Healthcare Guideline: 
Management of Type 2 Diabetes 
Mellitus (2006)11 

• This guideline does not discuss the role of the combination DPP-4 inhibitors in 
the treatment of type 2 diabetes. 

National Institute for Health and 
Clinical Excellence (NICE): 
Clinical Guidelines for Type 2 
Diabetes: Management of Blood 
Glucose (2002)12 

• This guideline does not discuss the role of the combination DPP-4 inhibitors in 
the treatment of type 2 diabetes. 

 
III. Indications 
 

FDA-approved indications for the combination DPP-4 inhibitors are noted in Table 3. While agents within this 
therapeutic class may have demonstrated positive activity via in vitro trials, the clinical significance of this activity 
remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo clinical trials. As such, this 
review and the recommendations provided are based exclusively upon the results of such clinical trials.  

  
Table 3.  FDA-Approved Indications for the Combination Dipeptidyl Peptidase-4 (DPP-4) Inhibitors3 

Indication Sitagliptin and 
Metformin 

Adjunct to diet and exercise, to improve glycemic control in adult patients with type 2 diabetes 
who are not adequately controlled on metformin or sitagliptin alone or in patients already being 
treated with the combination of sitagliptin and metformin 

a 

 
IV. Pharmacokinetics 
 
 The pharmacokinetic parameters for the combination DPP-4 inhibitors are summarized in Table 4.   
 
Table 4. Pharmacokinetic Parameters of the Combination Dipeptidyl Peptidase-4 (DPP-4) Inhibitors3,13-15 

Drug Bioavailability  
(%) 

Protein 
Binding 

(%) 

Metabolism Elimination 
 

Half-Life (hours) 

Sitagliptin 87 38 Hepatic (minimal, 
CYP3A4 and 

CYP2C8) 

Urine (87%) 
Feces (13%) 

12.4 

Metformin 50-60 under 
fasting conditions* 

Negligible Does not undergo 
hepatic metabolism 

~90% of absorbed 
drug is renally 

eliminated unchanged 
in the urine 

17.6 hours (in blood), 
6.2 hours (in plasma) 

*Metformin immediate-release tablets 
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V. Drug Interactions 
 
 Significant drug interactions with the combination DPP-4 inhibitors are listed in Table 5.  
  
Table 5.  Significant Drug-Drug Interactions with the Combination Dipeptidyl Peptidase-4 (DPP-4) Inhibitors3,,13-15 

Drug(s) Significance 
Level 

Interaction Mechanism 

Metformin 1 Iodinated contrast 
materials, 
parenteral 

Iodinated contrast materials-induced renal failure can interfere with the 
renal elimination of metformin; therefore, there is an increased risk of 
metformin-induced lactic acidosis. 

Sitagliptin 2 Digoxin Sitagliptin may increase the concentration of digoxin. Monitor patients 
receiving digoxin appropriately. No dosage adjustment of digoxin or 
sitagliptin is recommended.  

Significance Level 1=major severity 
Significance Level 2=moderate severity 
 
VI. Adverse Drug Events 
 

The most common adverse reactions reported with the combination DPP-4 inhibitors are noted in Table 6. The 
combination product containing sitagliptin and metformin is contraindicated in patients with renal disease or 
dysfunction, and acute or chronic metabolic acidosis including diabetic ketoacidosis, with or without coma. 
Patients undergoing radiologic studies with iodinated contrast material should temporarily discontinue the 
combination product. Due to the metformin component this combination product also contains a black box 
warning which is outlined in Table 7. 
 

Table 6.  Adverse Drug Events (%) Reported with the Combination Dipeptidyl Peptidase-4 (DPP-4) Inhibitors3,13-15 
Adverse Event(s) Sitagliptin  Metformin 
Cardiovascular 
Flushing - a 
Palpitation - a 
Central Nervous System 
Headache 1.1-5.9 5.7 
Lightheaded - a 
Dermatological 
Angioedema a - 
Exfoliative skin conditions a - 
Rash a a 
Urticaria a - 
Endocrine and Metabolic 
Hypoglycemia 1.2 a 
Gastrointestinal 
Abdominal discomfort 2.3 6.4 
Diarrhea 3.0 53.2 
Flatulence - 12.1 
Indigestion - 7.1 
Nausea 1.4 25.5 
Taste disorder - a 
Vomiting - 25.5 
Hematologic 
Elevated neutrophils a - 
Laboratory Test Abnormalities 
Elevated creatinine a - 
Musculoskeletal 
Asthenia a 9.2 
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Adverse Event(s) Sitagliptin  Metformin 
Myalgia - a 
Respiratory 
Nasopharyngitis 5.2 - 
Upper respiratory infection 4.5-6.3 - 
Other 
Anaphylaxis a - 
Abnormal stools - a 
Chest discomfort - a 
Chills - a 
Dyspnea - a 
Flu syndrome - a 
-Event not reported or incidence <1% 
aPercent not specified 
 
Table 7.  Black Box Warning for the Combination of Sitagliptin and Metformin15 

WARNING 
Lactic Acidosis: 
Lactic acidosis is a rare, but serious, metabolic complication that can occur due to metformin accumulation during treatment 
with metformin; when it occurs, it is fatal in approximately 50% of cases. Lactic acidosis may also occur in association with 
a number of pathophysiologic conditions, including diabetes mellitus, and whenever there is significant tissue hypoperfusion 
and hypoxemia. Lactic acidosis is characterized by elevated blood lactate levels (>5 mmol/L), decreased blood pH, 
electrolyte disturbances with an increased anion gap, and an increased lactate/pyruvate ratio. When metformin is implicated 
as the cause of lactic acidosis, metformin plasma levels >5 μg/mL are generally found. 
The reported incidence of lactic acidosis in patients receiving metformin hydrochloride is very low (approximately 0.03 
cases/1000 patient-years, with approximately 0.015 fatal cases/1000 patient-years). In more than 20,000 patient-years 
exposure to metformin in clinical trials, there were no reports of lactic acidosis. Reported cases have occurred primarily in 
diabetic patients with significant renal insufficiency, including both intrinsic renal disease and renal hypoperfusion, often in 
the setting of multiple concomitant medical/surgical problems and multiple concomitant medications. Patients with 
congestive heart failure requiring pharmacologic management, in particular those with unstable or acute congestive heart 
failure who are at risk of hypoperfusion and hypoxemia, are at increased risk of lactic acidosis. The risk of lactic acidosis 
increases with the degree of renal dysfunction and the patient’s age. The risk of lactic acidosis may, therefore, be 
significantly decreased by regular monitoring of renal function in patients taking metformin and by use of the minimum 
effective dose of metformin. In particular, treatment of the elderly should be accompanied by careful monitoring of renal 
function. Metformin treatment should not be initiated in patients ≥80 years of age unless measurement of creatinine clearance 
demonstrates that renal function is not reduced, as these patients are more susceptible to developing lactic acidosis. In 
addition, metformin should be promptly withheld in the presence of any condition associated with hypoxemia, dehydration, 
or sepsis. Because impaired hepatic function may significantly limit the ability to clear lactate, metformin should generally 
be avoided in patients with clinical or laboratory evidence of hepatic disease. Patients should be cautioned against excessive 
alcohol intake, either acute or chronic, when taking metformin, since alcohol potentiates the effects of metformin 
hydrochloride on lactate metabolism. In addition, metformin should be temporarily discontinued prior to any intravascular 
radiocontrast study and for any surgical procedure (see also PRECAUTIONS).  
The onset of lactic acidosis often is subtle, and accompanied only by nonspecific symptoms such as malaise, myalgias, 
respiratory distress, increasing somnolence, and nonspecific abdominal distress. There may be associated hypothermia, 
hypotension, and resistant bradyarrhythmias with more marked acidosis. The patient and the patient’s physician must be 
aware of the possible importance of such symptoms and the patient should be instructed to notify the physician immediately 
if they occur (see also PRECAUTIONS). 
Metformin should be withdrawn until the situation is clarified. Serum electrolytes, ketones, blood glucose, and if indicated, 
blood pH, lactate levels, and even blood metformin levels may be useful. Once a patient is stabilized on any dose level of 
metformin, gastrointestinal symptoms, which are common during initiation of therapy, are unlikely to be drug related. Later 
occurrence of gastrointestinal symptoms could be due to lactic acidosis or other serious disease.  
Levels of fasting venous plasma lactate above the upper limit of normal but less than 5 mmol/L in patients taking metformin 
do not necessarily indicate impending lactic acidosis and may be explainable by other mechanisms, such as poorly controlled 
diabetes or obesity, vigorous physical activity, or technical problems in sample handling. (See also PRECAUTIONS.)  
Lactic acidosis should be suspected in any diabetic patient with metabolic acidosis lacking evidence of ketoacidosis 
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WARNING 
(ketonuria and ketonemia).  
Lactic acidosis is a medical emergency that must be treated in a hospital setting. In a patient with lactic acidosis who is 
taking metformin, the drug should be discontinued immediately and general supportive measures promptly instituted. 
Because metformin hydrochloride is dialyzable (with a clearance of up to 170 mL/min under good hemodynamic conditions), 
prompt hemodialysis is recommended to correct the acidosis and remove the accumulated metformin. Such management 
often results in prompt reversal of symptoms and recovery. (See also CONTRAINDICATIONS and PRECAUTIONS.)  
 
VII. Dosing and Administration 
 
 The usual dosing regimens for the combination DPP-4 inhibitors are summarized in Table 8. 
  
Table 8.  Usual Dosing for the Combination Dipeptidyl Peptidase-4 (DPP-4) Inhibitors3,13-15 

Drug(s) Usual Adult Dose Usual Pediatric Dose Availability 
Sitagliptin and 
metformin 

Tablet: initial, dose based on the patient’s 
current regimen given twice daily; maximum: 
100 mg of sitagliptin or 2,000 mg of metformin 
daily 

Safety and efficacy in children 
have not been established. 

Tablet:  
50 mg/500 mg 
50 mg/1000 mg 
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VIII. Effectiveness  
 
 Clinical studies evaluating the safety and efficacy of the combination DPP-4 inhibitors are summarized in Table 9.  
 
Table 9.  Comparative Clinical Trials Using the Combination Dipeptidyl Peptidase-4 (DPP-4) Inhibitors 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Brazg et al16 

 
Sitagliptin 50 mg BID 
in addition to metformin 
≥1,500 mg daily 
 
vs 
 
placebo in addition to 
metformin ≥1,500 mg 
daily 
 
Administered as 
individual agents. 
 
Patients received 1 drug 
regimen for 4 weeks then 
crossed over to the 
comparator group for 4 
weeks. 

DB, PC, RCT, XO 
 
Patients with type 
2 diabetes with 
inadequate 
glycemic control 
on metformin 
monotherapy and a 
baseline HbA1c of 
6.5% to 9.6%  
 

N=28 
 

8 weeks 

Primary: 
24-hour weighted 
mean glucose 
 
Secondary: 
Change in FPG, 
MDG, 
fructosamine, β-
cell function  
 

Primary: 
There was a significant least-squares mean decrease in 24-hour weighted 
mean glucose of 32.8 mg/dL in the sitagliptin-metformin treatment group as 
compared to placebo-metformin (P<0.05). 
 
Secondary: 
Despite a carryover effect from period 1 to period 2, the combined period 1 
and period 2 results for glycemic measurements were statistically significant 
for sitagliptin vs placebo when added to continuing metformin therapy. The 
period 1 outcomes were also compared between the groups, in consideration 
of any carryover.  
 
Following period 1, there were significant least-squares mean reductions in 
FPG of 20.3 mg/dL, MDG of 28 mg/dL, and fructosamine of 33.7 mmol/L in 
patients treated with combination sitagliptin-metformin relative to placebo-
metformin (P<0.05).  
 
Sitagliptin, in addition to metformin, demonstrated significantly improved 
parameters of β-cell function relative to placebo.  
 
Weight gain, gastrointestinal adverse events and hypoglycemia were not 
reported during the course of treatment with sitagliptin, as compared to 
placebo, in combination with metformin. 

Charbonnel et al17 
 
Sitagliptin 100 mg QD, 
in addition to metformin 
(≥1,500 mg/day) 
 
vs 
 
placebo in addition to 

DB, MC, PC, PG, 
RCT 
 
Patients 18-78 
years old with type 
2 diabetes and 
inadequate 
glycemic control 
(HbA1c≥7 and 

N=701 
 

24 weeks 
 

Primary:  
Change in baseline 
HbA1c 
 
Secondary: 
Changes from 
baseline in FPG, 
PPG, insulin, C-
peptide 

Primary: 
Sitagliptin added to metformin therapy led to a significant (P<0.001) reduc-
tion from baseline in HbA1c compared with placebo. Placebo-subtracted 
HbA1c reduction was –0.65% with sitagliptin at 24 weeks (P≤0.001). Signi-
ficantly more patients reached an HbA1c<7% with sitagliptin 100 mg (47%) 
than with placebo (18.3%; P<0.001). Significantly more patients also reached 
an HbA1c<6.5% with sitagliptin (17.2%) than with placebo (4.9%; P<0.001).  
 
Secondary: 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

metformin (≥1,500 
mg/day) 
 
Administered as 
individual agents. 
 
Pioglitazone was used as 
rescue therapy if defined 
glycemic goals were not 
met. 
 
 

≤10%) on 
metformin 
monotherapy 
(≥1,500 mg/day) 
 

concentrations, β-
cell function, lipid 
panel and safety  
 

FPG was significantly reduced from baseline with the sitagliptin combination 
group compared with placebo plus metformin group. Placebo-subtracted FPG 
was –25.4 mg/dL (P<0.001). 
 
Placebo-subtracted 2-hour postprandial glucose was –50.6 mg/dL with 
sitagliptin (P≤0.001). There were significant increases in the sitagliptin group 
relative to the placebo plus metformin group in fasting insulin (P<0.050), and 
fasting C-peptide (P<0.010). Conversely, there was no observed between-
group difference in LDL-cholesterol. There was observed improvement in 
fasting proinsulin to insulin ratio (P<0.010) and HOMA-β (P<0.001) 
consistent with improved β-cell function in the sitagliptin treatment group.  
 
There were no differences between treatment groups in the incidence of 
overall or serious adverse reactions, rates of hypoglycemia, or gastrointestinal 
adverse events. A reduction in weight of 0.6 to 0.7 kg was observed with both 
treatment groups (P<0.050). The between-group difference was not 
significant (P=0.835).  

Goldstein et al18 

 
Sitagliptin 50 mg BID 
and metformin 500 mg 
BID 
 
vs 
 
sitagliptin 50 mg BID 
and metformin 1,000 mg 
BID 
 
vs 
 
sitagliptin 100 mg QD 
 
vs 
 
metformin 500 mg BID 
 

DB, MC, PC, PG, 
RCT 
 
Patients 18-78 
years old with type 
2 diabetes and an 
HbA1c of 7.5% to 
11%  
 
Patients with 
significant renal 
dysfunction were 
excluded. 
 
 

N=1,091 
 

24 weeks 

Primary: 
Change in baseline 
HbA1c 
 
Secondary: 
FPG, fasting serum 
insulin, fasting 
serum proinsulin, 
fasting lipids, 
assessment of β-
cell function 
(change in baseline 
proinsulin/insulin 
ratio, HOMA-β), 
assessment of 
insulin resistance 
(change in baseline 
HOMA-IR and 
QUICKI), adverse 
events 

Primary: 
Changes in baseline HbA1c were statistically significant in all active treatment 
groups as compared to placebo and for combination therapy compared to 
monotherapy (P<0.001). There was an additive effect seen in the combination 
treatment groups. The placebo-subtracted HbA1c changes for the combination 
of sitagliptin 100 mg and metformin 1,000 mg, the combination of sitagliptin 
100 mg and metformin 2,000 mg, sitagliptin monotherapy, metformin 1,000 
mg monotherapy and metformin 2,000 mg monotherapy treatment groups 
were –1.57%, –2.07%, –0.83%, –0.99% and –1.30%, respectively.  
 
The percentage of patients who reached an HbA1c level <7% was signifi-
cantly greater within all active treatment groups vs placebo (P<0.001). 
Sitagliptin in combination with metformin 2,000 mg demonstrated the highest 
rate at 66%. In comparison to 43% of patients in the sitagliptin in 
combination with metformin 1,000 mg group, 38% of patients in the 
metformin 2,000 mg monotherapy group, 23% in metformin 1,000 mg 
monotherapy group, 20% in sitagliptin monotherapy group and 9% in the 
placebo group achieved an HbA1c<7%. 
 
Secondary: 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

vs 
 
metformin 1,000 mg BID 
 
vs  
 
placebo 
 
Glyburide was used as 
rescue therapy if defined 
glycemic goals were not 
met. 
 
Doses of metformin 
alone or in combination 
with sitagliptin were 
titrated up by 500 mg per 
week to reach target dose 
and reduce potential for 
gastrointestinal upset. 
Sitagliptin was titrated to 
mimic the currently 
available fixed-dose 
combination product. 
 

Statistically significant changes in FPG were found between the combination 
and monotherapy groups as well as all active treatment groups vs placebo 
(P<0.001). The placebo-subtracted FPG changes for the combination of 
sitagliptin 100 mg and metformin 1,000 mg, the comnination of sitagliptin 
100 mg and metformin 2,000 mg, sitagliptin monotherapy, metformin 1,000 
mg monotherapy and metformin 2,000 mg monotherapy treatment groups 
were –52.9 mg/dL, –69.7 mg/dL, –23.3 mg/dL, –33.1mg/dL and –35.1 mg/dL 
respectively.  
 
Combination therapy also demonstrated an additive effect, as compared to 
treatment with the individual agents in regards to improvement in β-cell 
function. Significant improvement in the proinsulin-to-insulin ratio was 
observed with all active treatment groups compared to placebo (P<0.05). The 
differences between the combined therapy groups and the monotherapy 
groups (sitagliptin and metformin) were also significant (P<0.05). Changes 
were –0.08 for the sitagliptin monotherapy group, –0.08 for metformin 1,000 
mg monotherapy group, –0.12 for metformin 2,000 mg monotherapy group, –
0.14 for the the combimnation of sitagliptin and metformin 1,000 mg group 
and –0.20 for the combination of sitagliptin and metformin 2,000 mg group 
from placebo. 
 
HOMA-β was increased with all active treatments from baseline as compared 
with placebo. HOMA-β was significantly improved in the combined therapy 
groups, 27.3% for the combination of sitagliptin and metformin 1,000 mg and 
29.3% for the combination of sitagliptin and metformin 2,000 mg (both 
P≤0.001) as well as in the higher dose metformin monotherapy group 
(10.6%; P≤0.05). The combination of sitagliptin and metformin also 
significantly increased HOMA-β relative to sitagliptin monotherapy (7.1%) 
and the lower metformin monotherapy dose (7.3%) group (P≤0.001). 
 
The results of changes in fasting serum insulin and lipids were not reported. 
 
The incidence of adverse events was similar among combination treatments 
and metformin monotherapy. Gastrointestinal adverse events including 
diarrhea, nausea, abdominal pain and vomiting were most frequently seen in 
the higher dose metformin groups (both alone and in combination). A low 
frequency of hypoglycemia was reported and was similar among all groups 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

(0.6%-2.2%). No change in weight was reported in the sitagliptin 
monotherapy group as compared to all other active treatment groups, where 
there was a significant reduction in body weight (–0.6 kg to –1.3 kg; P<0.05) 
and placebo (–0.9 kg; P<0.01). 
 
Data on efficacy, changes in body weight and rates of hypoglycemia was 
excluded if patients received any doses of rescue therapy. 

Drug regimen abbreviations: QD=once daily, BID=twice daily 
Study abbreviations: DB=double-blind, MC=multicenter, PC=placebo-controlled, PG=parallel-group, RCT=randomized controlled trial, XO=crossover design 
Other abbreviations: FPG=fasting plasma glucose, HbA1c=hemoglobin A1c, HOMA-β=homeostasis model assessment-β cell function, HOMA-IR=homeostasis model assessment-insulin resistance, LDL=low-
density lipoprotein, MDG=mean of 7 daily self-blood glucose, PPG=postprandial glucose, QUICKI=quantitative insulin sensitivity check index
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Additional Evidence 
 
Dose Simplification 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 
Stable Therapy 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 

 
IX. Cost 
 

A “relative cost index” is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For branded products with little 
or no recent utilization data, the average cost per prescription is calculated by the average wholesale price (AWP) 
and the standard daily dosing per product labeling. For generic products with little or no recent utilization data, the 
average cost per prescription is calculated by the Alabama Medicaid maximum allowable cost (MAC) and the 
standard daily dosage per product labeling. Please note that the relative cost index does not factor in additional 
cost offsets available to the Alabama Medicaid program via pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 

 
Relative Cost Index Scale  
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 
Rx=prescription 

 
Table 10.  Relative Cost of the Combination Dipeptidyl Peptidase-4 (DPP-4) Inhibitors 

Generic Name Formulation(s) Example Brand 
Name(s) 

Brand Cost Generic Cost 

sitagliptin and metformin tablet Janumet® $$$$ N/A 
No generic products are available in this class.  
N/A=not available. 

 
X. Conclusions 
 

The combination of sitagliptin, a DPP-4 inhibitor, with a fixed dose of metformin, a biguanide, is the only DPP-4 
inhibitor combination product currently available in the United States. The components of the fixed-dose 
combination product are available in separate formulations and only metformin is available generically. This 
product is indicated as an adjunct to diet and exercise, to improve glycemic control in adult patients with type 2 
diabetes who are not adequately controlled on metformin or sitagliptin alone or in patients already being treated 
with the combination of sitagliptin and metformin. The safety and efficacy of this agent has yet to be established in 
the pediatric population. This combination is not recommended for patients with severe renal disease.3 

 
Multiple studies involving sitagliptin in combination with metformin, as individual agents, have demonstrated an 
additive effect in glycemic control when compared to monotherapy with either sitagliptin or metformin.16-18 There 
are no published trials available to date, that assess the fixed-dose combination product. Additionally, the long-
term safety and efficacy of this combination product has yet to be established.  
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The AACE medical guidelines for clinical practice for the management of diabetes mellitus do not designate a 
first-line therapy for the treatment of type 2 diabetes, but do include sitagliptin among the recommended 
therapeutic choices either as monotherapy or in combination with metformin or a thiazolidinedione in both therapy 
naïve patients, as well as those on current treatment.10 The ACE/AACE Diabetes Road Map Task Force: Road 
Maps to Achieve Glycemic Control in Type 2 Diabetes designates α-glucosidase inhibitors, DPP-4 inhibitors, 
metformin and thiazolidinediones as preferred oral antidiabetic agents for patients naïve to therapy with an initial 
HbA1c level of 6%-7%. In patients with an HbA1c of 7%-8%, a DPP-4 inhibitor may be combined with an α-
glucosidase inhibitor, a meglitinide, metformin, a sulfonylurea or a thiazolidinedione to achieve glycemic goals. 
Two or more agents may be required. While in patients with an HbA1c of 8%-9%, a DPP-4 inhibitor may be 
combined with a basal insulin analog, a meglitinide, metformin, NPH insulin, a prandial insulin, premixed insulin 
preparations, a sulfonylurea, a thiazolidinedione or other approved combinations to achieve glycemic goals. DPP-4 
inhibitors are not recommended for patients with an initial HbA1c level greater than 9%.11 The updated 
ADA/EASD states that α-glucosidase inhibitors, exenatide, meglitinides, pramlintide and sitagliptin were not 
included in the treatment algorithm due to their generally lower overall glucose-lowering effectiveness and limited 
clinical data. However, these agents may be appropriate in selected patients.9 It is important to note that the role of 
the combination sitagliptin and metformin agent was not specifically discussed in any of the treatment guidelines. 
 
Therefore, all brand products in this class review are comparable to the generics and over-the-counter products in 
this class and offer no significant clinical advantage over other alternatives in general use 
 

XI. Recommendations 
 

No brand combination dipeptidyl peptidase-4 (DPP-4) inhibitor is recommended for preferred status. Alabama 
Medicaid should accept cost proposals from manufacturers to determine cost effective products and possibly 
designate one or more preferred brands. 
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Pharmacy and Therapeutics Committee Meeting 
Pharmacotherapy Review of Incretin Mimetics 

AHFS Class 682006 
February 20, 2008 

 
 

I. Overview 
 

Exenatide is a recently developed agent that is structurally and pharmacologically different from the other 
antidiabetic agents and it was placed into a new drug class, the incretin mimetics, by the American Hospital 
Formulary Service (AHFS) in February 2007.1-2 Exenatide mimics several actions of the endogenous incretin 
hormone, glucagon-like peptide-1 (GLP-1). GLP-1 is a peptide hormone that has several roles in the regulation of 
postprandial glucose levels and is secreted into the bloodstream in response to a meal. Exenatide binds to and 
activates GLP-1 receptors in the body and has the following actions:3 

• Enhances glucose-dependent insulin secretion 
• Suppresses glucagon secretion during periods of hyperglycemia 
• Slows gastric emptying 
• Reduces food intake 

 
Table 1 lists the incretin mimetics included in this review. This review encompasses all dosage forms and 
strengths.  
 
Table 1.  Incretin Mimetics Included in this Review 

Generic Name Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
exenatide injection Byetta® none 

No generic products are available in this class.  
 

II. Evidence-Based Medicine and Current Treatment Guidelines 
  

Current treatment guidelines using the incretin mimetics are listed in Table 2. The International Diabetes 
Federation (IDF) diabetes treatment guidelines4 do not incorporate exenatide into their recommendations; 
however, the recently published IDF guidelines for the management of postmeal glucose5 include exenatide as an 
available treatment option, along with the α-glucosidase inhibitors, amylin analogs, dipeptidyl peptidase-4 (DPP-
4) inhibitors, insulins and meglitinides for postmeal glucose management. For a more comprehensive overview of 
the treatment of diabetes, please refer to the Appendix. 
 

Table 2.  Treatment Guidelines Using the Incretin Mimetics 
Clinical Guideline Recommendation(s) 

American Diabetes Association 
(ADA):  
Standards of Medical Care in 
Diabetes—20086 

Prevention of Type 2 Diabetes 
• Metformin should be the only drug considered for use in diabetes prevention. 

For other drugs, issues of side effects and lack of persistence of effect in some 
studies led the panel to not recommend their use for diabetes prevention. 

• In addition to lifestyle counseling, metformin may be considered in those who 
are at very high risk and who are obese and under 60 years of age. 

 
Treatment of Type 2 Diabetes 
• Please see the following guideline (2006) and consensus statement update 

(2008) by the American Diabetes Association (ADA)/European Association 
for the Study of Diabetes (EASD).  

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD): 

• The guideline states that α-glucosidase inhibitors, exenatide, meglitinides, 
and pramlintide were not included in the treatment algorithm due to their 
generally lower overall glucose-lowering effectiveness and limited clinical 
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Clinical Guideline Recommendation(s) 
Management of Hyperglycemia 
in Type 2 Diabetes: A Consensus 
Algorithm for the Initiation and 
Adjustment of Therapy (2006)7 

data. However, these agents may be appropriate in selected patients. 

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD):  
Management of Hyperglycemia 
in Type 2 Diabetes Mellitus: A 
Consensus Algorithm for the 
Initiation and Adjustment of 
Therapy: Update Regarding the 
Thiazolidinediones (2008)8 

• The guideline states that α-glucosidase inhibitors, exenatide, meglitinides, 
pramlintide, and sitagliptin were not included in the treatment algorithm due 
to their generally lower overall glucose-lowering effectiveness and limited 
clinical data. However, these agents may be appropriate in selected patients. 

American Association of Clinical 
Endocrinologists (AACE):  
Medical Guidelines for Clinical 
Practice for the Management of 
Diabetes Mellitus (2007)9 

Diabetes Type 2 Patients Currently Treated Pharmacologically 
• Exenatide may be used with approved combinations of oral therapies in 

patients who have not achieved glycemic goals. 
• Exenatide has been approved as a supplement to monotherapy with 

metformin, a sulfonylurea, or a thiazolidinedione. The use of exenatide 
together with a sulfonylurea plus metformin is also approved. 

• Insulin therapy may be added to patients on maximum combination therapy 
(oral-oral, oral-exenatide) whose HbA1c levels are 6.5%-8.5%. 

American College of 
Endocrinologists (ACE)/American 
Association of Clinical 
Endocrinologists (AACE), 
Diabetes Road Map Task Force:  
Road Maps to Achieve Glycemic 
Control in Type 2 Diabetes 
(2007)10 

Patients Naïve to Therapy 
• Exenatide is not listed as a first-line treatment option.  
• An incretin mimetic (exenatide) is listed as a treatment option in patients with 

an initial HbA1c of 6%-10% and who are not achieving ACE recommended 
HbA1c goals despite receiving maximally effective doses of a sulfonylurea 
and/or metformin or a thiazolidinedione. 

• Exenatide is not indicated for insulin-using patients.  
 
Treated Patients 
• To achieve glycemic goals in type 2 diabetics with a current HbA1c of 6.5%-

8.5%, an incretin mimetic (exenatide) may be added to metformin with or 
without a sulfonylurea or thiazolidinedione. 

International Diabetes Federation 
(IDF) Clinical Guidelines Task 
Force:  
Global Guideline for Type 2 
Diabetes (2005)4 

• This guideline does not discuss the role of exenatide in the treatment of type 2 
diabetes. 

Institute for Clinical Systems 
Improvement (ICSI):  
Healthcare Guideline: 
Management of Type 2 Diabetes 
Mellitus (2006)11 

• Metformin is the preferred oral agent unless contraindicated. Second-line 
agents are the sulfonylureas and glitazones (thiazolidinediones). 

• Exenatide may be used as an additional agent in combination with metformin, 
a sulfonylurea, or with metformin and a sulfonylurea in patients who have not 
achieved recommended glycemic control. 

• In regards to the weight gain associated with type 2 diabetes and its treatment, 
metformin, unless contraindicated, is recommended for most type 2 diabetic 
patients due to its weight benefits. Other agents associated with weight loss 
and maintenance includes acarbose, exenatide, and human amylin analogs.  

• Exenatide may be offered as an alternative option before starting insulin for 
patients on oral medication who are not achieving good blood sugar control. 

National Institute for Health and 
Clinical Excellence (NICE): 
Clinical Guidelines for Type 2 
Diabetes: Management of Blood 
Glucose (2002)12 

• This guideline does not discuss the role of exenatide in the treatment of type 2 
diabetes. 
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III. Indications  
 

Food and Drug Administration (FDA)-approved indications for the incretin mimetics are listed in Table 3. While 
agents within this therapeutic class may have demonstrated positive activity via in vitro trials, the clinical 
significance of this activity remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo 
clinical trials. As such, this review and the recommendations provided are based exclusively upon the results of 
such clinical trials. 
 

Table 3.  FDA-Approved Indications for the Incretin Mimetics3 

Generic Name FDA-Approved Indications  
Exenatide Indicated as adjunctive therapy to improve glycemic control in patients with type 2 diabetes mellitus 

who are taking metformin, a sulfonylurea, a thiazolidinedione, a combination of metformin and a 
sulfonylurea, or a combination of metformin and a thiazolidinedione, but have not achieved adequate 
glycemic control 

 
IV. Pharmacokinetics 
 

The pharmacokinetic parameters for the incretin mimetics are summarized in Table 4.   
 

Table 4.  Pharmacokinetic Parameters of the Incretin Mimetics3,13 

Drug Systemic 
Bioavailability 

Protein Binding Elimination T½ Elimination 
(hours) 

Active Metabolites 

Exenatide Not reported* Not reported Renal 2.4 Not reported 
*Human data is unavailable; however, in animal studies, bioavailability was observed at 65%-76%. 

 
V. Drug Interactions 
 

No specific serious drug interactions with exenatide have been reported by the manufacturer. Due to the slowing 
effect on gastric emptying, exenatide may delay the absorption of oral medications administered concomitantly. 
The manufacturer recommends that caution be used for oral medications that require rapid gastrointestinal 
absorption or require threshold concentrations for efficacy (eg, oral contraceptives, antibiotics). Agents that 
require threshold concentrations for efficacy should be taken 1 hour prior or 2 hours after exenatide 
administration.3,13 

 
VI.  Adverse Drug Events 
 

The most common adverse reactions reported with the incretin mimetics are noted in Table 5. Patients on 
exenatide may develop anti-exenatide antibodies. In 30-week clinical trials, 38% of patients had developed low-
titer antibodies by week 30. The level of glycosylated hemoglobin (HbA1c) control was comparable to that 
observed in patients without antibody titers. In 6% of patients, a higher antibody level was detected and in 3% of 
the patients (half of the patients with high titers) glycemic responses appeared attenuated. Patients who developed 
anti-exenatide antibodies had similar rates and types of adverse events. Patients on exenatide therapy should be 
monitored for signs and symptoms of hypersensitivity reactions.3 

 
In October 2007, the FDA published an alert regarding an association between exenatide and pancreatitis. This 
alert was based on a review of 30 postmarketing reports of acute pancreatitis in patients taking Byetta®. Twenty-
seven of the 30 patients had a least one other risk factor for acute pancreatitis. Twenty-one patients were 
hospitalized and 5 developed serious complications. In 6 patients, pancreatitis symptoms began or worsened soon 
after titration of the dose from 5 μg to 10 μg twice daily and 22 patients had improvement of symptoms after the 
discontinuation of Byetta® therapy. In 3 reports, symptoms of pancreatitis returned upon rechallenge with Byetta® 
therapy.14 It is recommended that healthcare providers be aware of, and review with their patients the signs and 
symptoms of pancreatitis, including persistent severe abdominal pain which may be accompanied by nausea and 
vomiting. It is also recommended to discontinue Byetta® if pancreatitis is suspected.14 
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Exenatide is contraindicated in patients with a known hypersensitivity to exenatide or any component in Byetta®. 
Exenatide is not recommended for use in patients with gastrointestinal disorders or in patients with end-stage renal 
disease or renal impairment (creatinine clearance <30 mL/min). 

 
Table 5.  Adverse Events (%) Reported with the Incretin Mimetics3,13 

Adverse Events Exenatide  
Cardiovascular 
Chest pain a 
Central Nervous System 
Dizziness 9 
Feeling jittery 9 
Headache 9 
Somnolence a 
Dermatological/Allergic Reactions 
Anaphylactic reaction a 
Angioedema a 
Hyperhidrosis <5 
Hypersensitivity pneumonitis a 
Injection site reaction a 
Macular or papular rash a 
Pruritus a 
Urticaria a 
Endocrine 
Hypoglycemia 14-36* 
Pancreatitis a 
Gastrointestinal 
Abdominal distention a 
Abdominal pain a 
Constipation a 
Decreased appetite <5 
Diarrhea 13 
Dysgeusia a 
Dyspepsia 6 
Eructation a 
Flatulence a 
Gastroesophageal reflux disease (GERD) <5 
Nausea 44 
Renal failure a 
Serum creatinine increased a 
Vomiting 13 
Neuromuscular and Skeletal 
Weakness <5 
Other 
Anti-exenatide antibodies (low titers, high titers) 38, 6 
aPercent not specified 
*With concurrent sulfonylurea therapy 
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VII.  Dosing and Administration  
 

The usual dosing regimens for the incretin mimetics are summarized in Table 6. 
 
Table 6.  Usual Dosing for the Incretin Mimetics3 

Drug Usual Adult Dose Usual Pediatric 
Dose 

Availability 

Exenatide Initial: 5 μg subcutaneously twice daily within 60 minutes 
before each of the two main meals of the day (approximately ≥6 
hours apart) 
 
Maintenance: initial dose may be increased to 10 μg twice daily 
after 1 month of therapy 

Safety and efficacy 
have not been 
established in 
pediatric patients. 

Prefilled pen: 
5 μg  
10 μg 
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VIII.  Effectiveness 
 

Clinical studies evaluating the safety and efficacy of the incretin mimetics are summarized in Table 7. Exenatide has not been directly compared to any oral 
antidiabetic treatments available for type 2 diabetes. Also, the use of exenatide in conjunction with meglitinides or α-glucosidase inhibitors has not been 
studied.1 The Food and Drug Administration (FDA) based their approval of exenatide on the results of the first three trials listed in Table 7. The five studies 
following these initial three trials are extension phase studies or a combination of results from the original three studies. 

 
Table 7.  Comparative Clinical Trials Using the Incretin Mimetics 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Buse, Henry et al15 

 
Exenatide 5 μg SQ 
BID in addition to 
their existing 
sulfonylurea therapy 
 
vs 
 
exenatide 5 μg SQ 
BID titrated to 10 μg 
BID after 4 weeks in 
addition to their 
existing sulfonylurea 
therapy 
 
vs  
 
placebo in addition 
to patients’ existing 
sulfonylurea therapy 

MC, PC, PG, RCT, TB 
 
Type 2 diabetic patients 
between the ages of 22 
and 76 years, treated with 
maximally effective doses 
of a sulfonylurea  
(4 mg/day glimeperide,  
20 mg/day glipizide,  
10 mg/day glipizide XL, 
10 mg/day glyburide,  
6 mg/day micronized 
glyburide, 350 mg/day 
chlorpropamide, or 500 
mg/day tolazamide) for at 
least 3 months, with 
fasting plasma glucose 
(FPG) <240 mg/dL, body 
mass index (BMI) 27-45 
kg/m2, HbA1c 7.1%-
11.0%, stable weight (± 
10%) for 3 months prior 
to screening, no lab value 
>25% outside of normal 
value, and if female, who 
were postmenopausal, 
surgically sterile, or using 
contraceptives for at least 
3 months prior to and 
throughout study 

N=377 
 

30 weeks 

Primary:  
Change in HbA1c  
 
Secondary:  
Change in FPG, 
weight, and fasting 
concentrations of 
insulin, proinsulin 
and lipoproteins 

Primary: 
Significantly greater reductions in HbA1c were noted with exenatide 10 μg (–
0.86%) and exenatide 5 μg (–0.46%) vs placebo (+0.12%; P<0.0002 for pairwise 
comparison). 

 
Secondary: 
A significantly greater reduction in FPG was reported with exenatide 10 μg at 
week 30 vs placebo (–0.6 mmol/L vs +0.4 mmol/L; P<0.05). There was not a 
significant difference between the exenatide 5 μg and the placebo group (P value 
not reported). 
 
Significantly greater reduction in body weight was noted with exenatide 10 μg at 
week 30 vs placebo (–1.6 kg vs –0.6 kg; P<0.05). There was not a significant 
difference between the exenatide 5 μg and the placebo groups (P value not 
reported). 
 
There were no significant differences in fasting insulin concentrations between 
treatment groups (P value not reported). 
 
A significantly greater reduction in fasting proinsulin concentrations was noted 
with exenatide 10 μg at week 30 vs placebo (–16 mmol/L from baseline with 
exenatide 10 μg; P<0.01). A similar trend was reported with the exenatide 5 μg vs 
the placebo group, but significance was not reported (P value not reported). 
 
There was a small reduction in low-density lipoprotein (LDL) and apolipoprotein 
B (Apo B) concentrations (P<0.05 for pairwise comparisons for both values) in 
the exenatide groups vs the placebo groups. No significant differences were seen 
in other lipid parameters evaluated (P values not reported).  
 
Side effects reported by patients receiving exenatide 10 μg included: nausea 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

  (51%), vomiting (13%), diarrhea (9%), constipation (9%), and hypoglycemia 
(36%) (P values not reported).  
 
There were 13 (10.1%) withdrawals due to adverse event(s) in the exenatide 10 μg 
group, compared to 9 (7.2%) in the exenatide 5 μg group and 4 (3.3%) in the 
placebo group (P values not reported). The majority of the events reported were 
mild-moderate in nature. Serious adverse events were reported in 4% of patients in 
the exenatide 10 μg group, 3% in the 5 μg group, and 8% in the placebo arm. Such 
events included a myocardial infarction in a patient in the exenatide group and one 
patient in the placebo group who experienced clinical manifestations of coronary 
artery disease. 

DeFronzo et al16 

 
Exenatide 5 μg SQ 
BID in addition to 
their existing 
metformin therapy 
 
vs 
 
exenatide 5 μg SQ 
BID titrated to 10 μg 
BID after 4 weeks in 
addition to their 
existing metformin 
therapy 
 
vs  
 
placebo in addition 
to patients’ existing 
metformin therapy 
 
 

MC, PC, PG, RCT, TB 
 
Type 2 diabetic patients 
between the ages of 19 
and 78 years, treated with 
metformin (≥1,500 
mg/day) for at least 3 
months before screening, 
FPG <240 mg/dL, BMI of 
27-45 kg/m2, HbA1c 7.1%-
11.0%, stable weight (± 
10%) for 3 months prior 
to screening, no lab value 
>25% outside of normal 
value, and if female, who 
were postmenopausal, 
surgically sterile, or using 
contraceptives for at least 
3 months prior to and 
throughout study 
 
 

N=336 
 

30 weeks 

Primary:  
Change in HbA1c  
 
Secondary:  
Percentage of 
patients achieving 
HbA1c≤7%, change 
in FPG, weight, 
and fasting 
concentrations of 
insulin, proinsulin 
and lipids 

Primary: 
Significantly greater reductions in HbA1c were reported with exenatide 10 μg (–
0.78%), exenatide 5 μg (–0.40%) vs placebo (+0.08%; P<0.002 for pairwise 
comparison). 

 
Secondary: 
A significantly greater proportion of patients achieved HbA1c≤7% in the 
exenatide 5 μg (27%) and exenatide 10 μg (40%) groups compared to placebo 
(11%; P<0.01 for pairwise comparison). 
 
Significantly greater reductions in FPG were observed with exenatide 5 μg (–7.2 
mg/dL; P<0.005) and exenatide 10 μg (–10.1 mg/dL; P<0.0001) compared to 
placebo (+14.4 mg/dL). 
 
Significantly greater reductions in body weight were noted with exenatide 5 μg 
(–1.6 kg; P<0.05) and exenatide 10 μg at week 30 (–2.8 kg; P<0.001) compared 
to placebo (–0.3 kg). 
  
There was not a significant difference in fasting insulin or proinsulin 
concentrations between the exenatide groups and placebo (P values not 
reported). 
 
No significant differences in lipid profile were observed between treatment 
groups (P value not reported). 
 
Gastrointestinal side effects were most commonly reported with exenatide and 
included nausea (45%), diarrhea (16%) and vomiting (12%) in the 10 μg treated 
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subjects (P values not reported). 
 
Hypoglycemia was similar in all treatment groups. Withdrawals due to adverse 
event(s) occurred with 7.1% of patients in the exenatide 10 μg group, 3.6% in the 
exenatide 5 μg group and 0.9% in the placebo group (P values not reported). 

Kendall et al17 

 
Exenatide 5 μg SQ 
BID in addition to 
patients’ existing 
diabetes regimens 
 
vs 
 
exenatide 5 μg SQ 
BID titrated to 10 μg 
BID after 4 weeks in 
addition to patients’ 
existing diabetes 
regimens 
 
vs  
 
placebo in addition 
to patients’ existing 
diabetes regimens 
 
All subjects 
continued prestudy 
metformin regimen. 
To standardize 
sulfonylurea use in 
the clinical trial, 
subjects were 
randomized to either 
maximally effective 
or minimum 
recommended 

DB, MC, PC, PG, RCT 
 
Type 2 diabetic patients 
between the ages of 22-77 
years, treated with 
maximally effective doses 
of metformin (≥1,500 
mg/day) and a 
sulfonylurea (4 mg/day 
glimeperide, 20 mg/day 
glipizide, 10 mg/day 
glipizide XL, 10 mg/day 
glyburide, 6 mg/day 
micronized glyburide, 350 
mg/day chlorpropamide, 
500 mg/day tolazamide, 
or 1,500 mg/day 
tolbutamide) for at least 3 
months before screening, 
FPG <13.3 mmol/L, BMI 
27-45 kg/m2, HbA1c 
7.5%-11.0%, stable 
weight (±10%) for 3 
months prior to screening, 
no lab value >25% 
outside of normal value, 
and if female, who were 
postmenopausal, 
surgically sterile, or using 
contraceptives for at least 
3 months prior to and 
throughout study 

N=733 
 

30 weeks 

Primary:  
Change in HbA1c  
 
Secondary:  
Change in FPG 
and postprandial 
plasma glucose, 
and body weight  

Primary: 
A significantly greater reduction in HbA1c was noted with exenatide 5 μg (–0.55 
± 0.07%) and exenatide 10 μg (–0.77 ± 0.08%) vs placebo (+0.23 ± 0.07%; 
P<0.001 for pairwise comparison). 

 
Secondary: 
A significantly greater reduction in FPG was observed with exenatide 5 μg (–0.5 
± 0.2 mmol/L) and exenatide 10 μg (–0.6 ± 0.2 mmol/L) compared to placebo 
(+0.8 ± 0.2 mmol/L; P<0.0001 for pairwise comparison). 
 
A significantly greater reduction in postprandial glucose was observed with 
exenatide 5 μg (P=0.009) and exenatide 10 μg (P=0.0004) compared to placebo. 
 
Significantly greater reduction in body weight was noted with exenatide 5 μg (–
1.6 ± 0.2 kg) and exenatide 10 μg at week 30 (–1.6 ± 0.2 kg) vs placebo (–0.9 ± 
kg; P≤0.01).  
 
Nausea was the most commonly reported adverse event and was observed in 117 
(48.5%) of the exenatide 10 μg patients, in 96 (39.2%) of the exenatide 5 μg 
patients, and in 50 (20.6%) of the placebo-treated patients (P values not 
reported).  
 
A higher incidence of hypoglycemia was reported with exenatide. Hypoglycemia 
was reported in 67 (27.8%) of the exenatide 10 μg patients, in 47 (19.2%) of the 
exenatide 5 μg patients, and in 31 (12.6%) of the placebo-treated patients (P 
values not reported). 
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sulfonylurea dose. 
Ratner et al18 

 
At the start of this 
uncontrolled 
open-label extension 
study after the 
original placebo 
controlled trial16, all 
patients received 
exenatide 5 μg BID 
for 4 weeks, 
followed by 
exenatide 10 μg BID 
for the duration of 
the study 
 
All patients remained 
on their existing 
metformin regimens. 

ES, MC, OL 
 
Type 2 diabetic patients 
enrolled in the exenatide 
treatment groups of a 
previous 30-week, 
double-blind, placebo-
controlled trial (DeFronzo 
et al, above)16 who chose 
to participate in this 
extension study 
 
 

N=150 
 

52-week 
extension  
(82-week 

total 
duration) 

Primary: 
Changes from 
baseline in HbA1c, 
body weight and 
lipids of the 
completer cohort  
(those patients who 
completed 82 
weeks of exenatide 
therapy), and total 
cohort (intent-to-
treat population) 
 
Secondary: 
Proportion of 
patients in the 
completer cohort 
with baseline 
HbA1c>7% who 
achieved an HbA1c 
of ≤7% and 
reduction of weight 
after stratification by
baseline BMI and 
safety data 

Primary: 
At week 30, the completer cohort had significant reductions in HbA1c from 
baseline of –1.0 ± 0.1%. At week 82, the change from baseline was –1.3 ± 0.1% 
(95% CI, –1.5 to –1.0%; P<0.05). For the total cohort, the change from baseline 
at week 30 was –0.7 ± 0.1% (CI, –0.8 to –0.5%; P<0.05) and at week 82 it was –
0.8 ± 0.1% (CI, –1.0 to –0.6%; P<0.05). 
 
At week 30, the completer cohort had significant reductions in body weight from 
baseline of –3.0 ± 0.6 kg. At week 82, the change from baseline was  
–5.3 ± 0.8 kg (CI, –7.0 to –3.7 kg; P<0.05). For the total cohort, the change from 
baseline at week 30 was –2.3 ± 0.4 kg and at week 82 it was –4.3 ± 0.6 kg (CI, –
5.5 to –3.2 kg; P<0.05). 
 
At the end of 82 weeks, the completer cohort group experienced significant 
reductions from baseline in Apo B, –5.2 mg/dL (CI, –10 to –0.22 mg/dL); a 
reduction in triglycerides, –73 mg/dL (CI, –107 to –39 mg/dL); and an increase 
in high-density lipoprotein (HDL) +4.5 mg/dL, (CI, +2.3 to +6.6 mg/dL). P 
values were not reported. 
 
Secondary: 
At the end of weeks 30 and 82, the proportion of patients in the completer cohort 
whose baseline HbA1c was >7% and who achieved an HbA1c of ≤7% was 46% 
(week 30) and 59% (week 52). P values were not reported. 
 
Patients in the completer cohort whose baseline BMI of ≥30 kg/m2 experienced a 
greater reduction of weight (–6.9 ± 1.1 kg) compared to those whose baseline BMI 
was <30 kg/m2 (–2.3 ± 0.8 kg). P values were not reported. 
 
The following side effects were experienced by patients in the total cohort: 
nausea (14%–33%), upper respiratory tract infections (3%-10%), diarrhea (3%-
7%), vomiting (1%-5%), and dizziness (2%-6%). P values were not reported. 

Riddle et al19  
 
At the start of this 
uncontrolled 
open-label extension 
study after the 

ES, MC, OL 
 
Type 2 diabetic patients 
enrolled in the exenatide 
treatment groups of 1 of 2 
previous 30-week, 

N=401 
 

52-week 
extension  
(82-week 

total 

Primary: 
Changes in HbA1c 
from baseline, and 
FPG levels in the 
completer cohort  
(those patients who 

Primary: 
At week 30, the completer cohort experienced significant reductions in HbA1c 
from baseline of –0.8 ± 0.1% for the patients in the original exenatide 5 μg arm 
and –1.0 ± 0.1% for those in the original 10 μg arm. At week 82, the change 
from baseline was –1.0 ± 0.1% (95% CI, –0.9 to –1.2%). For the total cohort 
group, change from baseline at week 82 was –0.7 ± 0.1% (CI, –0.8 to –0.5%); P 
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original placebo 
controlled trials15,17, 
all patients received 
exenatide 5 μg BID 
for 4 weeks, 
followed by 
exenatide 10 μg BID 
for the duration of 
the studies 
 
All patients remained 
on their sulfonylurea 
and/or metformin 
regimens throughout 
the extension phase 
study. Sulfonylurea 
dosing changes were 
made at the 
discretion of the 
investigators.  

placebo-controlled trials 
(Buse et al and Kendall et 
al, above)15,17 who chose 
to participate in this 
extension phase study 
 
 

duration) completed 82 
weeks of exenatide 
therapy), and total 
cohort (intent-to-
treat population) 
 
Secondary: 
Change of weight 
from baseline, 
changes in HbA1c 
and weight 
stratified by 
baseline HbA1c and 
BMI 

values were not reported. Results from 30 weeks were not reported. 
 
At week 30, the completer cohort observed a change from baseline in FPG levels 
of –0.52 ± 0.16 mmol/L. At week 82, the change from baseline in FPG levels 
was –0.62 ± 0.19 mmol/L (P values not reported). FPG levels for the total cohort 
were not reported. 
 
Secondary: 
At week 30, the completer cohort group showed changes in body weight from 
baseline of –1.4 ± 0.3 kg for the original exenatide 5 μg group and –2.1 ± 0.3 kg 
for the original 10 μg group. At 82 weeks, the change from baseline was –4.0 ± 
0.3 kg (95% CI, –4.6 to –3.4 kg). 
 
The total cohort showed weight changes from baseline of –3.3 ± 0.2 kg (CI, –2.8 
to –3.7 kg). P values were not reported. 
 
At week 82, patients in the completer cohort who had a baseline BMI ≥30 kg/m2 
experienced a greater reduction in mean weight from baseline of  
–4.4 ± 0.4 kg, compared to –3.2 ± 0.5 kg for patients with a baseline BMI<30 
kg/m2 (P values not reported). 
 
Of the patients in the completer cohort who had a baseline HbA1c of >7%, 44% 
achieved an HbA1c of ≤7% at week 82. Those patients with a baseline HbA1c ≥ 
9% experienced a greater reduction (–1.9 ± 0.2%) than those with a baseline 
HbA1c<9% (–0.7 ± 0.1%); P values were not reported. 
 
The most common reasons for withdrawal during the open-label extension 
studies were administrative (study site closure) (12%), withdrawal of consent 
(11%), and adverse events (7%). P values were not reported. 
 
In the total cohort of this extension phase, nausea and hypoglycemia were 
reported in ranges of 14%-27% and 8%-15% of patients, respectively (P values 
not reported.)  

Blonde et al20 

 
At the start of the 
uncontrolled 
open-label extension 

IA, MC, OL 
 
Interim analysis of data 
pooled from type 2 
diabetic patients 

N=551 
 

52-week 
extension  
(82-week 

Primary: 
Change in HbA1c 
from baseline and 
safety in the 
completer cohort  

Primary: 
At week 30, the completer cohort experienced significant reductions in HbA1c 
from baseline of –0.9 ± 0.1% and this reduction was maintained at week 82, with 
a change from baseline of –1.1 ± 0.1% (95% CI, –1.0 to –1.3%). The total cohort 
observed change from baseline at week 82 was  –0.8 ± 0.1% (95% CI, –0.6 to –
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studies after the 
original placebo 
controlled trials15-17, 
all patients received 
exenatide 5 μg BID 
for 4 weeks, 
followed by 
exenatide 10 μg BID 
for the duration of 
the studies18,19 
 
All patients remained 
on their sulfonylurea 
and/or metformin 
regimens throughout 
the extension phase 
studies. Sulfonylurea 
dosing changes were 
made at the 
discretion of the 
investigators.  

previously enrolled in the 
exenatide treatment 
groups of 1 of 3 previous 
30-week, placebo-
controlled trials (Buse et 
al, DeFronzo et al, and 
Kendall et al, above)15-17 

and chose to participate in 
the extension phase 
studies (Ratner et al and 
Riddle et al, above)18,19 
 
 

total 
duration)  

(those patients who 
completed 82 
weeks of exenatide 
therapy), and total 
cohort (intent-to-
treat population) 
 
Secondary: 
Change from 
baseline for FPG 
and weight, 
changes for weight 
and HbA1c 
stratified by 
baseline BMI and 
HbA1c, and change 
in lipids 
 

0.9%). P values were not reported.  
 
Of the 551 intent-to-treat population, 314 (57%) completed the extension study. 
Reasons for withdrawal included withdrawal of consent (11%), adverse events 
(7%), loss of glucose control (4%) and other (21%). P values were not reported. 
 
In the total cohort of this extension phase, nausea and hypoglycemia were 
reported in ranges of 14% to 29% and 7% to 12% of patients, respectively (P 
values not reported).  
 
Secondary: 
At week 30, the completer cohort observed a change from baseline in FPG levels 
of –0.7 ± 0.1 mmol/L. At week 82, the change from baseline in FPG levels was –
0.9 ± 0.2 mmol/L (P values not reported). The total cohort FPG levels were not 
reported. 
 
At week 30, the completer cohort group experienced changes in body weight –
2.1 ± 0.2 kg from baseline and at 82 weeks, the change from baseline was –4.4 ± 
0.3 kg (CI, –3.8 to –5.1 kg). At week 82, the total cohort experienced weight 
changes from baseline of –3.5 ± 0.2 kg (CI, –3.1 to –4.0 kg; P values not 
reported). 
 
At 82 weeks, patients in the completer cohort who had a baseline BMI ≥40 kg/m2 
experienced a reduction in mean weight from baseline of –7 kg, compared to –2 
kg for patients with a baseline BMI<25 kg/m2 (P values not reported). 
 
In the completer cohort, of those patients whose baseline HbA1c was >7%, 39% 
and 48% achieved an HbA1c≤7% at weeks 30 and 82, respectively. At week 82, a 
greater reduction in HbA1c was observed in those patients who had a baseline 
HbA1c≥9% (–2.0 ± 0.2%) compared to those with a baseline HbA1c< 9% (–0.8 ± 
0.1%). P values were not reported. 
 
In the completer cohort, of the lipid levels measured, statistically significant 
changes were observed in HDL (+4 mg/dL [CI, 3.7 to 5.4 mg/dL]) and 
triglycerides (–38.6 mg/dL [CI, –55.5 to –21.6 mg/dL]) at week 82 (P values not 
reported). 
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Buse, Klonoff et al21 

 
At the start of the 
uncontrolled 
open-label extension 
studies after the 
original placebo 
controlled trials15-17, 
all patients received 
exenatide 5 μg BID 
for 4 weeks, 
followed by 
exenatide 10 μg BID 
for the duration of 
the studies 
 
All patients remained 
on their sulfonylurea 
and/or metformin 
regimens throughout 
the extension phase 
studies. Sulfonylurea 
dosing changes were 
made by the 
investigators. 

IA, OL 
 
Interim analysis of data 
pooled from type 2 
diabetic patients 
previously enrolled in the 
exenatide treatment 
groups of 1 of 3 
multicenter, double-blind, 
placebo-controlled trials 
(Buse et al, DeFronzo et 
al, and Kendall et al, 
above)15-17 and their open-
label extensions 
(described in Ratner et al, 
Riddle et al, Blonde et al, 
above)18-20 who completed 
2 years of treatment with 
exenatide  
 

N=521 
 

104 weeks 
(total of 2 
years of 

exenatide 
treatment) 

Primary: 
Change from 
baseline for HbA1c, 
weight, and hepatic 
biomarkers 
(aspartate 
aminotransferase 
[AST]), alanine 
aminotransferase 
[ALT]), adverse 
events 
 
Secondary: 
Not reported 

Primary: 
At 104 weeks of exenatide treatment, patients in the study experienced a mean 
reduction in HbA1c of –1.1% (95% CI, –1.3 to –1.0; P<0.001) from baseline. 
 
At 104 weeks of exenatide treatment, patients experienced a mean reduction in 
weight of –4.7 kg (95% CI, –5.4 to –4.0; P<0.001) from baseline. 
 
At 104 weeks of exenatide treatment, patients experienced a significant decrease 
of –5.3 IU/L (95% CI, –7.1 to –3.5; P<0.05) in mean ALT levels from baseline 
and a decrease of –2.0 IU/L (95% CI, –3.3 to –0.8; P<0.05) in mean AST levels 
from baseline. 
 
Adverse events with an overall incidence of ≥10% in the 104 week period were 
reported with the following percent of patients affected: nausea (8%-39%), upper 
respiratory tract infections (2%-10%), and hypoglycemia (<1%-13%). P values 
were not reported. 
 
Secondary: 
Not reported 

Klonoff et al22 

 

At the start of the 
uncontrolled 
open-label extension 
studies after the 
original placebo 
controlled trials15-17, 
all patients received 
exenatide 5 μg BID 
for 4 weeks, 
followed by 

IA, OE, OL 
 
Interim analysis of data 
pooled from type 2 
diabetic patients 
previously enrolled in the 
exenatide treatment 
groups of 1 of 3 
multicenter, double-blind, 
placebo-controlled trials 
(Buse et al, DeFronzo et 
al, and Kendall et al, 

N=217 
 

156 weeks 
(total of 3 
years of 

exenatide 
treatment) 

Primary: 
Change from 
baseline for HbA1c, 
weight, and alanine 
aminotransferase 
[ALT]), adverse 
events 
 
Secondary: 
Not reported 

Primary: 
At 156 weeks of exenatide treatment, patients in the study experienced a mean 
reduction in HbA1c of –1.0 ± 0.1% from baseline (P<0.0001). 
 
At 156 weeks of exenatide treatment, patients experienced a mean reduction in 
weight of –5.3 ± 0.4 kg from baseline (P<0.0001). 
 
At 156 weeks of exenatide treatment, patients with elevated ALT levels 
experienced a significant decrease of –10.4 ± 1.5 IU/L in mean ALT levels from 
baseline (P<0.0001). 
 
The most frequently reported adverse event was mild-to-moderate nausea. 
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exenatide 10 μg BID 
for the duration of 
the studies 
 
All patients remained 
on their sulfonylurea 
and/or metformin 
regimens throughout 
the extension phase 
studies. Sulfonylurea 
dosing changes were 
made at the 
discretion of the 
investigators. 

above)15-17 and their open-
label extensions 
(described in Ratner et al, 
Riddle et al, Blonde et al, 
above)18-20 who completed 
3 years of treatment with 
exenatide  
 

 
Secondary: 
Not reported 
 

Zinman et al23 
 
Exenatide 5 μg SQ 
BID for 4 weeks 
followed by 10 μg 
injections BID in 
addition to existing 
thiazolidinedione 
(TZD) regimen (with 
or without 
metformin) 
 
vs 
 
placebo BID in 
addition to patients’ 
usual TZD doses 
(with or without 
metformin) 

MC, PC, RCT 
 
Patients between the ages 
of 21 and 75 years with a 
stable dose of a TZD 
(rosiglitazone ≥4 mg/d, or 
pioglitazone ≥30 mg/d) 
for at least 4 months 
before screening, alone or 
in combination with a 
stable dose of metformin 
for 30 days, an HbA1c 
value between 7.1% and 
10.0% at screening, body 
mass index between 25 
kg/m2 and 45 kg/m2, and a 
history of stable body 
weight (≤10% variation) 
for at least 3 months 
before screening 

N=233 
 

16 weeks 

Primary: 
Change from 
baseline in HbA1c 
levels 
 
Secondary: 
Fasting serum 
glucose levels,  
body weight,  
self-monitored 
blood glucose 
levels, and 
adverse events 

Primary: 
The patients in the exenatide group had a significant decrease in mean HbA1c 
levels from baseline of 0.89% ± 0.09% (P<0.001), in comparison to an increase 
of 0.09% ± 0.10% in the placebo group (P<0.001). 
 
Secondary: 
Patients in the exenatide group experienced a significant decrease in mean 
fasting serum glucose level (–1.59 ± 0.22 mmol/L) compared to those in the 
placebo group (0.10 ± 0.21 mmol/L), (P<0.001). 
 
Patients in the exenatide group had a significant reduction in mean body weight 
from 97.53 kg (± 1.73 kg) to 95.38 kg (± 0.25 kg) compared to a change of 96.75 
kg (± 1.81 kg) to 96.89 kg (± 0.26 kg) in the placebo group. At week 16, the 
mean difference in body weight reduction between groups was –1.51 kg 
(P<0.001). 
 
Patients in the exenatide group experienced significantly lower self-monitored 
blood glucose profiles at each measurement throughout the day at week 16 
compared with baseline measurements (P<0.001) and compared to placebo 
(P<0.001). 
 
Adverse events that were reported more commonly in the exenatide group vs 
placebo included: nausea (39.7% vs 15.2%; CI, 12.7 to 36.3), vomiting (13.2% 
vs 0.9%; CI, 5.2 to 19.5), and dyspepsia (7.4% vs 0.9%; CI, 0.7 to 12.4). (P 
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values were not reported.) 
Viswanathan et al24 
 
Exenatide 5 μg SQ 
BID 
 
vs 
 
control group 
(patients who 
discontinued 
exenatide therapy 
within 2 weeks on 
initiation due to 
insurance-related, 
personal, or 
economic reasons) 
 
The dosages of 
rapid-acting and 
mixed insulins were 
reduced by 10% in 
subjects with HbA1c 
levels less than 7.5%. 
Subsequent dosage 
adjustments were 
made carefully based 
on ambient glucose 
concentrations. 

RA 
 
Obese patients with type 2 
diabetes not adequately 
controlled despite 
treatment with oral 
hypoglycemic agents and 
insulin and whose HbA1c 
was greater than 7% 

N=52 
 

26 weeks 

Primary:  
Change in body 
weight, HbA1c, 
insulin dosage  
 
Secondary: 
Change in serum 
total cholesterol, 
triglycerides, 
systolic blood 
pressure, and high-
sensitivity CRP, 
adverse events 

Primary: 
Patients in the exenatide treatment group experienced a decrease in mean body 
weight from baseline of 6.46 ± 0.8 kg (P<0.001) while the patients in the control 
group experienced a mean weight gain of 2.4 ± 0.6 kg (P<0.001). 
 
Patients in the exenatide treatment group experienced a decrease in mean HbA1c 
from baseline of 0.6 ± 0.21% (P=0.007). The patients in the control group 
experienced a decrease in mean HbA1c from baseline of 8.4 ± 0.5% 
(P value not reported). 
 
The exenatide treatment group experienced a decreased requirement for rapid-
acting insulins from 50.4 ± 6.7 units to 36.6 ± 5.1 units (P<0.02) and for mixed 
insulins from 72.9 ± 15.6 units to 28.3 ± 14.8 units (P<0.02). Insulin 
requirements for the control group were not reported. 
 
Secondary: 
The exenatide treatment group experienced a decrease in mean serum total 
cholesterol of 163.9 ± 8.2 mg/dL to 149.8 ± 5.9 mg/dL (P=0.03) and the control 
group experienced a decrease from 168.1 ± 16.3 mg/dL to 144.33 ± 10.39 mg/dL 
(P=0.08). 
 
The exenatide treatment group experienced a decrease in mean triglycerides from 
202.5 ± 28.8 mg/dL to 149.9 ± 17.3 mg/dL (P=0.01) and the control group 
experienced a decrease from 182.7 ± 23.9 mg/dL to 171.1 ± 39.2 mg/dL 
(P=0.91). 
 
The exenatide treatment group experienced a decrease in mean systolic blood 
pressure by 9.2 ± 3.3 mm Hg (P=0.02). The values for the control group were 
not reported. Neither the treatment group nor the control group experienced a 
significant reduction in diastolic blood pressure. 
 
The exenatide treatment group experienced a decrease in mean high-sensitivity 
CRP by 34 ± 14.3% (P=0.05). The values for the control group were not 
reported. 
 
Four patients receiving exenatide experienced severe nausea during treatment 
which led to discontinuation of the drug. Mild nausea was experienced by 
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several other patients who did not interfere with therapy. Hypoglycemia (glucose 
<60 mg/dL) was rare and did not lead to any hospital admissions. No other 
adverse events were observed. No P values were reported. 

Heine et al25 

 
Exenatide 5 μg SQ 
BID for 4 weeks, 
then 10 μg BID in 
addition to patients’ 
metformin and/or 
sulfonylurea 
regimens 
 
vs 
 
insulin glargine once 
daily at bedtime 
(forced insulin 
glargine titration to 
fasting blood sugar 
[FBS] <100 mg/dL) 
in addition to 
patients’ metformin 
and/or sulfonylurea 
regimens 
 
 
 

OL, RCT 
 
Patients between 30-75 
years with type 2 diabetes 
not adequately controlled 
(defined as HbA1c of 7%-
10%) with combination 
metformin and 
sulfonylurea therapy at 
maximally effective 
doses, BMI between 25 to 
45 kg/m2 and a history of 
stable body weight (≤10% 
variation for ≥3 months 
before screening) 
 
 

N=551 
 

26 weeks 

Primary:  
Change in HbA1c  
 
Secondary: 
Change in FPG, 
fasting glucose 
<100 mg/dL and 
body weight loss 
 

Primary: 
At 26 weeks, similar reductions in HbA1c were noted between exenatide and 
insulin glargine (–1.11%, CI, –0.123 to 0.157; P value not reported). 
 
Secondary: 
A significantly reduction in fasting plasma glucose from baseline was observed 
in the insulin glargine group (–51.5 mg/dL; P<0.001). The reduction from 
baseline in the exenatide group was not significant (–25.7 mg/dL; P value not 
reported). A significant reduction was observed in the insulin group when 
compared to the exenatide group (CI, 20 to 34 mg/dL; P value not reported). 
 
A significantly greater proportion of patients taking insulin glargine (21.6%) 
achieved fasting glucose of <100 mg/dL than those taking exenatide (8.6%; 
P<0.001). 
 
A significant weight loss was experienced in the exenatide group (–2.3 kg) 
compared to a gain of +1.8 kg in the insulin group (CI, –4.6 to –3.5 kg; 
P<0.001). 
 
Similar rates of hypoglycemia were reported with both agents (CI, –1.3 to 3.4 
events/patient-year). Exenatide patients had a higher incidence of daytime 
hypoglycemia (CI, 0.4 to 4.9 events/patient-year; P value not reported), and a 
lower rate of nocturnal hypoglycemia than insulin glargine patients (CI, –2.3 to –
0.9 events/patient-year; P value not reported). 
 
A significantly higher incidence of gastrointestinal side effects, including nausea 
(57.1% vs 8.6%; P<0.001), vomiting (17.4% vs 3.7%; P<0.001) and diarrhea 
(8.5% vs 3%; P=0.006), upper abdominal pain (P=0.012), constipation 
(P=0.011), dyspepsia (P=0.011), decreased appetite (P=0.021), and anorexia 
(P=0.002) were reported in the exenatide group vs the insulin group. 
 
Withdrawals due to adverse events occurred in 9.5% of exenatide patients vs 
0.7% of insulin patients (P value not reported). 

Secnik Boye et al26 

 
MC, OL, RCT 
 

N=455 
 

Primary: 
Patient-reported 

Primary: 
Both exenatide and insulin glargine groups experienced a significant 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Exenatide 5 μg SQ 
BID for 4 weeks, 
then 10 μg BID in 
addition to patients’ 
metformin and/or 
sulfonylurea 
regimens 
 
vs 
 
insulin glargine once 
daily at bedtime 
(forced insulin 
glargine titration to 
FBS <100 mg/dL) in 
addition to patients’ 
metformin and/or 
sulfonylurea 
regimens 

Secondary analysis on 
patients with type 2 
diabetes inadequately 
controlled (defined as an 
HbA1c between 7% and 
10%) with sulfonylurea 
and metformin therapy at 
maximally effective 
doses, enrolled in a 
previous 26 week study18 

26 weeks health outcome 
measures: Diabetes 
Symptom 
Checklist-revised 
(DSC-R), Diabetes 
Treatment 
Satisfaction 
Questionnaire 
(DTSQ), EuroQol 
Quality of Life 
(EQ-5D), Medical 
Outcomes Study 
36-Item Short-
Form Health 
Survey (SF-36), 
Diabetes 
Treatment 
Flexibility Score 
(TFS) 
 
Secondary: 
Not reported 

improvement from baseline in patient-reported health outcome measures as 
demonstrated by DSC-R overall scores, DTSQ, EQ-5D and SF-36 scores 
(P<0.05 for all measures). There was not a statistical difference between 
treatment groups in any of the outcome measures (P>0.05 for all measures). 
 
Neither the exenatide nor the insulin glargine group experienced a significant 
improvement in TFS scores (P=0.93 for both groups). 
 
Secondary: 
Not reported 

Nauck et al27 

 
Exenatide 5 μg SQ 
BID for 4 weeks, 
then 10 μg BID for 
the remainder of the 
study in addition to 
patients’ metformin 
and sulfonylurea 
treatment 
 
vs  
 
insulin aspart SQ 
BID in addition to 
patients’ metformin 

MC, OL, RCT 
 
Patients between the ages 
of 30 and 75 years who 
had suboptimal glycemic 
control despite receiving 
optimally effective 
metformin and 
sulfonylurea therapy for 
≥3 months, HbA1c levels 
≥7.0 and ≤11.0%, a BMI 
≥25 and ≤40 kg/m2, and a 
history of stable body 
weight (≤10% variation 
for ≥3 months) 

N=501 
 

52 weeks 

Primary: 
Mean change in 
HbA1c levels, 
weight, 
fasting serum 
glucose levels, 
postprandial 
glucose levels, 
adverse events 
 
Secondary: 
Not reported 

Primary: 
There was not a significantly different change from baseline in mean HbA1c 
levels between the exenatide (–1.04%) and insulin aspart groups  
(–0.89%, 95% CI, −0.32% to 0.01%; P=0.067).  
 
Patients in the exenatide group experienced a gradual weight loss of –2.5 kg, 
compared to a gradual weight gain of 2.9 kg in the insulin aspart group, (CI, −5.9 
to −5.0; P<0.001) at the end of 52 weeks.  
 
Patients in both exenatide (–1.8 mmol/L) and insulin aspart (–1.7 mmol/L) 
groups had a significant decrease in fasting serum glucose compared to baseline 
(P<0.001 for both groups). There was not a significant difference between 
groups (CI, −0.6 to 0.4; P=0.689). 
  
Patients in the insulin aspart group had significantly lower mean glucose values 
at prebreakfast (P=0.037), prelunch (P=0.004) and 03.00 hours (P=0.002). 



 
 

184 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

and sulfonylurea 
treatment 
(investigators and/or 
patients titrated 
insulin doses for 
optimal glucose 
control)  
 

Patients in the exenatide group had a greater reduction in postprandial glucose 
excursions following morning (P<0.001), midday (P=0.002) and evening meals 
(P<0.001).  
 
The withdrawal rate was 21.3% in the exenatide group and 10.1% in the insulin 
aspart group. Adverse events that were more commonly reported in the exenatide 
vs insulin aspart group included: nausea (33.2% vs 0.4%), vomiting (15% vs 
3.2%), diarrhea (9.5% vs 2%) and other clinically relevant adverse events 
(13.4% vs 6.4%). (P values were not reported.) 
 
Secondary: 
Not reported 

Amori et al28 
 
Incretin therapy 
(exenatide, 
liraglutide*, 
sitagliptin and 
vildagliptin*) 
 
vs 
 
non-incretin-based 
therapy (placebo or 
hypoglycemic agent) 

MA 
 
RCTs that reported HbA1c 
levels in nonpregnant 
patients with type 2 
diabetes 

N=12,996 
 

29 trials 
 

Duration 
varied from 

12 to 52 
weeks 

Primary: 
HbA1c levels 
 
Secondary: 
Fasting plasma 
glucose, weight, 
adverse events 
 

Primary: 
In totoal there were seven studies that evaluated the safety and/or efficacy of 
exenatide. 
 
There was no significant difference between insulin and exentaide in HbA1c (RR, 
1.10; 95% CI, 0.81 to 1.50) or fasting plasma glucose (weighted mean difference 
13; 95% CI, -16 to 14). 
 
Secondary: 
Comapred to placebo patients receiving exenatide were more likely to achieve an 
HbA1c <7% (10% vs 45%; RR, 4.2; 95% CI, 3.2 to 5.5). 
 
A significant reduction in weight was seen in the exenatide group compared to 
placebo (weighted mean difference -1.44; 95% CI, -2.13 to -0.75) and insulin 
(weighted mean difference -4.76; 95% CI, -6.03 to -3.49). 

*Agent not currently available in the United States 
Drug regimen abbreviations: BID=twice daily, SQ=subcutaneous, XL=extended release  
Study abbreviations: CI=confidence interval, DB=double-blind, ES=extension study, IA=interim analysis, MC=multicenter, OE=open-ended, OL=open-label, PC=placebo-controlled, PG=parallel-group, 
RA=retrospective analysis, RCT=randomized controlled trial, RR=risk ratio, TB=triple-blind  
Other abbreviations: ALT=alanine aminotransferase, AST=aspartate aminotransferase, Apo B=apolipoprotein B, BMI=body mass index, CRP= C-reactive protein, DSC-R=Diabetes Symptom Checklist-revised, 
DTSQ=Diabetes Treatment Satisfaction Questionnaire, EQ-5D=EuroQol Quality of Life, FBS=fasting blood sugar, FPG=fasting plasma glucose, HbA1c=hemoglobin A1c, HDL= high-density lipoprotein, LDL= 
low-density lipoprotein, SF-36= Medical Outcomes Study 36-Item Short-Form Health Survey, TFS=Diabetes Treatment Flexibility Score, TZD=thiazolidinedione
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Additional Evidence 
 
Dose Simplification 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 
Stable Therapy 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 

IX.  Cost 
 
A “relative cost index” is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For branded products with little 
or no recent utilization data, the average cost per prescription is calculated by the average wholesale price (AWP) 
and the standard daily dosing per product labeling. For generic products with little or no recent utilization data, the 
average cost per prescription is calculated by the Alabama Medicaid maximum allowable cost (MAC) and the 
standard daily dosage per product labeling. Please note that the relative cost index does not factor in additional 
cost offsets available to the Alabama Medicaid program via pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 

 
Relative Cost Index Scale  
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 
Rx=prescription 

 
Table 8.  Relative Cost of the Incretin Mimetics 

Generic Name Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 
exenatide injection Byetta® $$$$$ N/A 
No generic products are available in this class.  
N/A=not available. 

 
X. Conclusions 

 
Exenatide has demonstrated effectiveness in improving glycemic control within the drug’s FDA-approved 
indications. In clinical trials, exenatide demonstrated the ability to reduce HbA1c by –0.4% to –0.9% in type 2 
diabetics not adequately controlled with metformin, a sulfonylurea, a thiazolidinedione, a combination of metformin 
and a sulfonylurea or a thiazolidinedione, or a combination of these agents with insulin. A recent interim analysis 
demonstrated maintenance of HbA1c and weight reductions for periods of up to 104 weeks.21 Exenatide has not been 
directly compared to oral treatments for type 2 diabetes nor has there been any published data examining the safety 
and efficacy of exenatide as monotherapy or in combination with meglitinides or α-glucosidase inhibitors. Exenatide 
also has a high incidence of gastrointestinal side effects, particularly nausea. In clinical trials, there was a higher rate 
of withdrawals in the exenatide-treated groups due to adverse events.15-18,20 In addition, clinical trials reported that 
exenatide produces weight loss which may raise concerns for off-label use for weight control. 
 
In direct-comparison trials with insulin therapy, exenatide was shown to be as effective in reducing HbA1c as insulin 
glargine and insulin aspart. Insulin glargine displayed more favorable fasting blood glucose levels, and patients in 
the insulin treatment groups experienced significantly less side effects, including nausea and vomiting, than patients 
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in the exenatide treatment groups. A loss of weight was observed in the exenatide-treated patients while the insulin-
treated patients gained weight.25,27 In a secondary analysis evaluating patient-health outcome measures, patients 
receiving exenatide reported improvements similar to those receiving insulin glargine.26 According to the product 
labeling, exenatide is not intended as a substitute for insulin in diabetics requiring insulin therapy.  

  
The ACE/AACE Diabetes Road Map Task Force does not recommend exenatide as a first-line agent. An incretin 
mimetic (exenatide) is listed as an option for treatment-naïve patients on maximally effective doses of a 
thiazolidinedione, a sulfonylurea and/or metformin who have an initial HbA1c of 6.5%-8.5% and have not achieved 
ACE glycemic goals. Exenatide is also listed as an adjunctive therapy option to a thiazolidinedione, a sulfonylurea 
and/or metformin in treatment experienced type 2 diabetics with a current HbA1c of 6.5%-8.5% and who have not 
achieved ACE glycemic goals.10 A recently released treatment algorithm for type 2 diabetes endorsed by the 
American Diabetes Association and the European Association for the Study of Diabetes did not incorporate the use 
of exenatide as a therapy option. Though not specific, the rationale provided states that this agent, among others, was 
not included due to the lower overall glucose-lowering effectiveness and/or limited clinical data. The consensus 
algorithm does state that the use of this agent may be appropriate in selected patients, which were not specified.6-7 

Currently, the National Institute for Clinical Excellence (NICE) have not incorporated the use of exenatide in their 
treatment guidelines.11-12 Also, the International Diabetes Federation (IDF) did not include exenatide in their Global 
guideline for type 2 diabetes recommendations4, although in a recently published IDF guideline on the management 
of postmeal glucose5, exenatide is listed as an available treatment option, along with the α-glucosidase inhibitors, 
meglitinides, amylin analogs and dipeptidyl peptidase-4 [DPP-4] inhibitors for postmeal glucose management. 

 
The use of exenatide is not recommended in patients with gastrointestinal disorders or in those with renal 
impairment (creatinine clearance <30 mL/min) or end-stage renal disease. Also, due to the risk of developing anti-
exenatide antibodies, patients receiving exenatide should be monitored for hypersensitivity reactions.3 In addition, 
the FDA has recently published an alert to health care providers regarding an association between exenatide and 
pancreatitis. It is recommended that health care providers monitor their patients closely for any signs and 
symptoms of pancreatitis and discontinue exenatide if it is suspected.14 

 
Since this agent is only indicated for adjunctive therapy, it is advisable that this agent be managed through the 
existing medical justification portion of the prior-authorization process. 
 
Therefore, all brand products in this class review are comparable to the generics and over-the-counter products in 
this class and offer no significant clinical advantage over other alternatives in general use.  

 
XI.  Recommendations 

 
No brand incretin mimetic is recommended for preferred status. Alabama Medicaid should accept cost proposals 
from manufacturers to determine cost effective products and possibly designate one or more preferred agents. 
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Alabama Medicaid Agency 
Pharmacy and Therapeutics Committee Meeting 

Pharmacotherapy Review of Insulins 
AHFS Class 682008 
February 20, 2008 

 
 

I. Overview  
 

Insulin is used as replacement therapy in patients with diabetes, replacing deficient endogenous insulin and 
temporarily restoring the ability of the body to properly utilize carbohydrates, fats, and proteins. Insulin is secreted 
by the β cells in the pancreas and lowers blood glucose by facilitating peripheral glucose uptake into cells and by 
inhibiting gluconeogenesis in the liver. In addition to its glycemic effects, insulin has anabolic properties, 
enhancing protein synthesis, inhibiting lipolysis in adipocytes and stimulating lipogenesis.1-3 

 
The first insulin products were derived from animal sources, primarily pork and beef; however, they are no longer 
available in the United States (US) and have been replaced with human insulin and insulin analogs. Human insulin 
is biosynthesized utilizing recombinant deoxyribonucleic acid (DNA) with strains of Escherichia coli or 
Saccharomyces cerevisiae (baker’s yeast) and is structurally identical to endogenous insulin. Insulin analogs are 
also derived from recombinant DNA technology. They are structurally different from human insulin, but have 
comparable glucose-lowering effects. Each insulin analog differs in the addition, deletion, or substitution of amino 
acids on the B chain. Human insulins are currently available as regular insulin for injection and inhalation and 
isophane (NPH) insulin for injection. Please note that on October 18, 2007, Pfizer announced that it would 
discontinue manufacturing of Exubera®, the human insulin inhalation powder. As of January 16, 2008, Exubera® 
will no longer be available for sale.4-5 Insulin analogs available today include insulin aspart, insulin detemir, 
insulin glargine, insulin glulisine, and insulin lispro. Current insulin analogs are differentiated into two categories 
based on duration of action. Basal insulin analogs include insulin glargine and insulin detemir, while rapid-acting 
insulin analogs include insulin lispro, insulin aspart, and insulin glulisine.1-3 

 
The primary differences between commercially available insulin formulations revolve around their onset and 
duration of action. Insulin formulations are often classified by their onset and duration of actions and may fall into 
one of four categories: rapid-, short-, intermediate-, or long-acting insulins.1-2 

 
Insulin products are available over-the-counter (OTC) and by prescription. Products that are available OTC are on 
the Alabama Medicaid Preferred Drug List (PDL). For clarification on the OTC status of a particular formulation 
of insulin, please refer to Table 3. There are no generic formulations of insulin. Table 1 lists all insulins included 
in this review. This review encompasses all dosage forms and strengths. 
 
Table 1.  Insulins Included in this Review 

Generic Name Formulation(s) Example Brand Name(s) Current PDL 
Agent(s) 

Rapid-Acting Insulins 
insulin glulisine injection Apidra® none 
insulin aspart injection NovoLog® none 
insulin lispro, human recombinant analog injection Humalog® Humalog® 
Short-Acting Insulins 
insulin, regular, human recombinant injection, 

inhalation 
powder with 
inhaler 

Exubera®†, Humulin® R, 
Novolin® R 

Humulin® R, 
Novolin® R 

Intermediate-Acting Insulins 
insulin, NPH (isophane), human 
recombinant 

injection Humulin® N, Novolin® N Humulin® N, 
Novolin® N 
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Generic Name Formulation(s) Example Brand Name(s) Current PDL 

Agent(s) 
Long-Acting Insulins 
insulin detemir injection Levemir® none 
insulin glargine, human recombinant 
analog 

injection Lantus®, Lantus® Solostar none 

Combination Insulins, Rapid-Acting and Intermediate-Acting 
insulin aspart and insulin aspart protamine injection NovoLog® Mix 70/30 none 
insulin lispro and insulin lispro protamine injection Humalog® Mix 50/50, 

Humalog® Mix 75/25 
none 

Combination Insulins, Short-Acting and Intermediate-Acting 
insulin, regular and insulin, NPH, human 
recombinant 

injection Humulin® 50/50, Humulin® 
70/30, Novolin® 70/30 

Humulin® 50/50, 
Humulin® 70/30, 
Novolin® 70/30 

No generic products are available in this class. 
NPH=neutral protamine Hagedorn 
†On October 18, 2007, Pfizer announced that this product will no longer be manufactured and as of January 16, 2008, sales will stop.4-5 
 

II. Evidence-Based Medicine and Current Treatment Guidelines  
 
Current treatment guidelines that incorporate the use of insulin are summarized in Table 2. The International 
Diabetes Federation (IDF) diabetes treatment guidelines6 incorporate insulin into their recommendations, and the 
recently published IDF guidelines for the management of postmeal glucose7 list the insulins (biphasic [premixed] 
insulins, human regular insulin, inhaled insulins and rapid-acting insulin analogs) along with the α-glucosidase 
inhibitors, amylin analogs, dipeptidyl peptidase-4 [DPP-4] inhibitors, exenatide, and meglitinides as available 
treatment options for postmeal glucose management. For a more comprehensive overview of the treatment of 
diabetes, please refer to the Appendix.  
 

Table 2.  Treatment Guidelines Using the Insulins 
Clinical Guideline Recommendation(s) 

American Diabetes Association 
(ADA):  
Standards of Medical Care in 
Diabetes—20088 

Treatment of Type 1 Diabetes 
• Recommended therapy consists of the following components: use of multiple dose insulin 

injections (3-4 injections per day of basal and prandial insulin) or continuous subcutaneous 
insulin infusion therapy; matching of prandial insulin to carbohydrate intake, premeal 
blood glucose and anticipated activity; and for many patients (especially if hypoglycemia is 
a problem), use of insulin analogs. 

 
Prevention of Type 2 Diabetes 
• Metformin should be the only drug considered for use in diabetes prevention. For other 

drugs, issues of side effects and lack of persistence of effect in some studies led the panel 
to not recommend their use for diabetes prevention. 

• In addition to lifestyle counseling, metformin may be considered in those who are at very 
high risk and who are obese and under 60 years of age. 

 
Treatment of Type 2 Diabetes 
• Please see the following guideline (2006) and consensus statement update (2008) by the 

American Diabetes Association (ADA)/European Association for the Study of Diabetes 
(EASD).  

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD): 
Management of Hyperglycemia 
in Type 2 Diabetes: A 
Consensus Algorithm for the 

• There is insufficient data to support recommending one class of agents or a combination of 
medications over others with regards to effects on complications. 

• Metformin, along with lifestyle intervention, should be the initial pharmacologic therapy in 
the absence of specific contraindications, when lifestyle intervention fails to achieve or 
maintain metabolic goals. 

• If lifestyle intervention and maximally tolerated doses of metformin fail to achieve 
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Clinical Guideline Recommendation(s) 
Initiation and Adjustment of 
Therapy (2006)9 

glycemic goals, another medication should be added within 2-3 months of therapy 
initiation or whenever HbA1c goal is not achieved.  

• Second-line pharmacologic therapies may include insulin, a sulfonylurea, or a 
thiazolidinedione. Consideration of insulin as the second-line therapy should be given 
when HbA1c >8.5%, or with symptomatic hyperglycemia. 

• If lifestyle intervention, metformin, and a second medication fail to achieve glycemic 
goals, insulin therapy should be initiated or intensified.  

• If HbA1c is <8.0%, a third oral agent could be considered in lieu of insulin; however, this is 
potentially not as effective as adding or intensifying insulin. 

• When rapid-acting or short-acting insulins are started, insulin secretagogues (meglitinides 
or sulfonylureas) should be discontinued, or tapered and then discontinued.  

• Insulin in combination with metformin or in combination with a thiazolidinedione is 
particularly effective in lowering HbA1c.  

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD):  
Management of Hyperglycemia 
in Type 2 Diabetes Mellitus: A 
Consensus Algorithm for the 
Initiation and Adjustment of 
Therapy: Update Regarding the 
Thiazolidinediones (2008)10 

• Insulin, sulfonylureas and thiazolidinediones remain the recommended treatment options 
that should be added to metformin and lifestyle modifications if target HbA1c levels are not 
achieved. However, greater caution should be exercised prior to selecting a 
thiazolidinedione in patients at risk for safety concerns.  

American Association of Clinical 
Endocrinologists (AACE):  
Medical Guidelines for Clinical 
Practice for the Management of 
Diabetes Mellitus (2007)11 

Treatment of Type 1 Diabetic Patients 
• Initiate intensive insulin therapy with a long-acting insulin analog in combination with a 

rapid-acting insulin analog or inhaled insulin at meals, or with continuous subcutaneous 
insulin infusion with an insulin pump. 

 
Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 7%-8%, rapid-acting insulin analogs or premixed insulin 

analogs may be used in special situations. Inhaled insulin may be used as monotherapy or 
in combination with oral agents and long-acting insulin analogs. All oral medications may 
be combined with insulin.  

• In patients with an HbA1c of 8%-10%, initiate/intensify combination therapy to address 
fasting and postprandial glucose levels. 

• In patients with an HbA1c of >10%, initiate/intensify insulin therapy with: rapid-acting 
insulin analog or inhaled insulin with long-acting insulin analog or NPH or via use of 
premixed insulin analogs. 

 
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• The combination therapies listed for patients naïve to therapy are appropriate for patients 

being treated pharmacologically.  
• Pramlintide may be used in combination with prandial insulin. 
• In patients with an HbA1c of 6.5%-8.5% despite maximum combination therapy (oral-oral, 

oral-exenatide), add insulin. 
• In patients with an HbA1c of >8.5%, consider initiating basal-bolus insulin therapy. 

American College of 
Endocrinologists 
(ACE)/American Association of 
Clinical Endocrinologists 
(AACE), Diabetes Road Map 
Task Force:  
Road Maps to Achieve 
Glycemic Control in Type 2 
Diabetes (2007)12 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, prandial insulin (inhaled insulin, rapid-acting insulin 

analogs or regular insulin with analog preparations preferred) is considered an alterative for 
patients not able to take initial therapy (α-glucosidase inhibitors, dipeptidyl peptidase-4 
[DPP-4] inhibitors, metformin or thiazolidinediones). 

• In patients with an HbA1c of 7%-8%, basal insulin analogs, prandial insulin or premixed 
insulin preparations (analogs are preferred) are considered an alternative for patients not 
able to take combination therapy with an α-glucosidase inhibitor, a DPP-4 inhibitor, a 
meglitinide, metformin, a sulfonylurea or a thiazolidinedione to achieve glycemic goals. 
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Clinical Guideline Recommendation(s) 
• In patients with an HbA1c of 8%-9%, an approved combination of the following may be 

used to achieve glycemic goals: a basal insulin analog, a DPP-4 inhibitor, a meglitinide, 
metformin, NPH insulin, a prandial insulin, premixed insulin preparations, a sulfonylurea 
or a thiazolidinedione. 

• In patients with an HbA1c of 9%-10%, an approved combination of the following may be 
used to achieve glycemic goals: a basal insulin analog, a meglitinide, metformin, NPH 
insulin, a prandial insulin, premixed insulin preparations, a sulfonylurea or a 
thiazolidinedione. 

• In patients with an HbA1c of >10%, a basal insulin analog, NPH plus prandial insulin, or 
premixed insulin preparations are recommended regimens and for selected patients, certain 
oral agent combinations may be effective; insulin sensitizers may be combined with initial 
insulin therapy. 

 
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• In patients with an HbA1c of 6.5%-8.5% on monotherapy, combination therapy may be 

initiated utilizing basal or premixed insulin (analog preparations preferred). 
• In patients with an HbA1c of 6.5%-8.5% on combination insulin therapy, maximize insulin 

therapy by adding basal insulin if fasting plasma glucose (FPG) is elevated, adding prandial 
insulin if postprandial plasma glucose (PPG) is elevated. If both FPG and PPG are 
elevated, add or intensify either basal-bolus insulin or premixed insulin analogs. 

• In patients with an HbA1c of >8.5%, initiate basal-bolus insulin therapy utilizing basal plus 
prandial insulin or premixed insulin preparations. Insulin therapy may be combined with 
approved oral agents. 

International Diabetes Federation 
(IDF) Clinical Guidelines Task 
Force:  
Global Guideline for Type 2 
Diabetes (2005)6 

When optimized oral glucose-lowering agents and lifestyle interventions are unable to maintain 
blood glucose at target levels, insulin therapy should be started and may include the following 
regimens: 
• Basal insulin (eg, insulin detemir, insulin glargine, or NPH insulin) once daily or,  
• Twice daily premixed (biphasic) insulin, particularly with higher HbA1c, or, 
• Multiple daily injections (mealtime and basal insulin) in patients that are not controlled on 

other insulin regimens. 
Institute for Clinical Systems 
Improvement (ICSI):  
Healthcare Guideline: 
Management of Type 2 
Diabetes Mellitus (2006)13 

• Insulin programs should be individualized based on treatment goals, lifestyle and self-
monitored blood glucose results. 

• If glycemic goals are not achieved on oral agents, begin an insulin regimen either as 
monotherapy or as an adjunct to oral therapy. 

National Institute for Health and 
Clinical Excellence (NICE): 
Clinical Guidelines for Type 2 
Diabetes: Management of Blood 
Glucose (2002)14 

• Insulin therapy may be offered to patients with inadequate blood glucose control on 
optimized oral glucose-lowering agents. 

National Institute for Health and 
Clinical Excellence (NICE): 
Type 1 Diabetes: Diagnosis and 
Management of Type 1 
Diabetes in Children, Young 
People and Adults (2004)15 

For children and young people (<18 years old) insulin regimens should be individualized for 
each patient. Three basic regimens that can be considered include: 
• One to three injections per day utilizing short-acting insulin or rapid-acting insulin mixed 

with intermediate-acting insulin or, 
• Multiple daily injections utilizing short-acting or rapid-acting insulin before meals and one 

or more separate injections of an intermediate-acting or long-acting insulin or, 
• Continuous subcutaneous insulin infusion utilizing a programmable insulin pump. 

 
For adults, insulin regimens should be individualized for each patient and insulin choice should 
permit optimal well-being. Two basic regimens that can be considered include: 
• A multiple daily injection regimen; this must be used in conjunction with appropriate 

education, self-monitoring, and dietary management. 
• A twice-daily injection regimen: consider use in patients who have learning disabilities, 

find adherence to lunch time injections difficult, or those that prefer fewer injections. 
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III. Indications  
 

Food and Drug Administration (FDA)-approved indications for the insulins are noted in Table 3. While agents within this therapeutic class may have 
demonstrated positive activity via in vitro trials, the clinical significance of this activity remains unknown until fully demonstrated in well-controlled, 
peer-reviewed in vivo clinical trials. As such, this review and the recommendations provided are based exclusively upon the results of such clinical trials. 
 

Table 3.  FDA-Approved Indications for the Insulins1-3, 16-27 

Product Adult Patients 
with Diabetes 

Mellitus for the 
Control of 

Hyperglycemia 

Patients with 
Diabetes 

Mellitus for the 
Control of 

Hyperglycemia 

Subcutaneous 
Infusion by 

External 
Insulin 

Infusion Pump 

Gesta-
tional 

Diabetes 

Diabetes 
Mellitus 
Type 1 

Diabetes Mellitus 
Type 2 That Cannot 

be Controlled by Diet, 
Exercise, and Weight 

Control 

Other Indication(s) OTC  
or  
Rx 

Rapid-Acting Insulins 
Apidra® a  a    In combination with a longer 

acting insulin or basal insulin 
analog 
 
Intravenous (IV) 
administration under proper 
medical supervision 

Rx 

Humalog®  a a    Type 1: in combination with 
a longer acting insulin 
 
Type 2: in combination with 
sulfonylurea agents 

Rx 

Novolog®   a a    In combination with an 
intermediate- or long-acting 
insulin 
 
IV administration under 
proper medical supervision 

Rx 

Short-Acting Insulins 
Exubera® a      Type 1: in combination with 

a longer acting insulin 
 
Type 2: as monotherapy or in 
combination with oral agents 
or longer acting insulins 

Rx 

Humulin® R      a a Hyperkalemia 
 
Ketoacidosis 
 

OTC 
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Product Adult Patients 
with Diabetes 

Mellitus for the 
Control of 

Hyperglycemia 

Patients with 
Diabetes 

Mellitus for the 
Control of 

Hyperglycemia 

Subcutaneous 
Infusion by 

External 
Insulin 

Infusion Pump 

Gesta-
tional 

Diabetes 

Diabetes 
Mellitus 
Type 1 

Diabetes Mellitus 
Type 2 That Cannot 

be Controlled by Diet, 
Exercise, and Weight 

Control 

Other Indication(s) OTC  
or  
Rx 

Hyperosmolar hyperglycemic 
state 

Humulin® R (U-500)       Insulin resistance with daily 
need >200 units 

Rx 

Novolin® R     a a Hyperkalemia 
 
Ketoacidosis 
 
Hyperosmolar hyperglycemic 
state 

OTC 

Intermediate-Acting Insulins 
Humulin® N     a a  OTC 
Novolin® N     a a  OTC 
Long-Acting Insulins 
Lantus®       Type 1: adult and pediatric 

patients  
 
Type 2: adults requiring a 
long-acting insulin for the 
control of hyperglycemia 

Rx 

Levemir®       Type 1: adult and pediatric 
patients  
 
Type 2: adults requiring a 
long-acting insulin for the 
control of hyperglycemia 

Rx 

Combination Insulins, Rapid-Acting and Intermediate-Acting 
Humalog® Mix 50/50  a      Rx 
Humalog® Mix 75/25  a      Rx 
Novolog® Mix 70/30  a      Rx 
Combination Insulins, Short-Acting and Intermediate-Acting 
Humulin® 50/50    a a a  OTC 
Humulin® 70/30    a a a  OTC 
Humulin® 70/30 Pen    a a a  OTC 
Novolin® 70/30    a a a  OTC 
OTC=Available over-the-counter, Rx=Available only by prescription 
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IV. Pharmacokinetics  
 

The primary differences among the available insulin products concern their onset and duration of action. Some 
insulin formulations can be mixed for better control of glucose levels. Table 4 includes the pharmacokinetic 
properties for the insulins. 
 

Table 4.  Pharmacokinetic Parameters of the Insulins1-3, 16-22 

Insulin Preparations Half-Life 
(hours) 

Onset 
(hours) 

Peak 
(hours) 

Duration 
(hours) 

Compatible When Mixed 

Insulin aspart 1.5 0.25 1-3 3-5 isophane insulin (NPH) 
Insulin 
glulisine 

0.7 0.33 
 

0.57-1.52 1-2.5 
 

isophane insulin (NPH) 
Rapid-Acting 

Insulin lispro 1 0.25 
 

0.5-1.5 2-5 isophane insulin (NPH) 

Insulin 
(regular) 

3.3 0.5-1 2-5 8-12 All Short-Acting 

Insulin human 
(inhalation 
powder) 

0.5-1 0.17-0.33 0.5-1.5 5-7 Not reported 

Intermediate-
Acting 

Isophane 
insulin (NPH) 

Not 
reported 

1-1.5 4-12 24 Insulin (regular),  
insulin aspart, insulin lispro, 
insulin glulisine 

Insulin detemir 5-7 3-4  6-8 5.7-23.2 None Long-Acting 
Insulin 
glargine 

Not 
reported 

1.1 5 10.8-24+ None 

 
V. Drug Interactions  

 
Table 5 includes the clinically significant drug-drug interactions associated with the insulins. 
 

Table 5.  Significant Drug-Drug Interactions for the Insulins2 

Drug Significance 
Level   

Interaction Mechanism  

Insulin 1 Ethanol The glucose-lowering action of insulin may be potentiated by ethanol-
induced release of insulin following a glucose load and inhibition of 
gluconeogenesis. Ethanol consumption in moderation with a meal should 
be done to prevent this interaction. Monitor for signs of hypoglycemia.  

Insulin 2 β-Adrenergic 
blocking agents (β-
blockers), 
nonselective 

β-Blockers may blunt the sympathetic mediated response to hypoglycemia 
and may mask hypoglycemic symptoms. Discontinue nonselective β-
blocker therapy or switch to a β-blocker with selective activity if possible. 
Monitor for signs of hypoglycemia if coadministration is necessary. 

Insulin 2 Fenfluramine Fenfluramine may potentiate the hypoglycemic effects of insulin. Monitor 
blood glucose concentrations and adjust dose of insulin as needed to avoid 
hypoglycemia.  

Insulin 2 Monoamine oxidase 
inhibitors (MAOIs) 

MAOIs may potentiate the hypoglycemic effects of insulin by stimulating 
insulin secretion and inhibiting gluconeogenesis. Monitor blood glucose 
concentrations and adjust the dose of insulin as needed.  

Insulin 2 Salicylates Salicylates increase basal insulin secretion and acute insulin response to a 
glucose load. The hypoglycemic effects of insulin may be potentiated. 
Monitor blood glucose concentrations and adjust the dose of insulin as 
needed. 

Significance Level 1=major severity 
Significance Level 2=moderate severity 
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VI. Adverse Drug Events 
 
Adverse events with the injectable insulin products are rare and are similar for all members of the class.  
 
Hypoglycemia1-3 

Hypoglycemia is the most common adverse event reported with insulin therapy. Because of the differences in 
onset and duration of action, the timing of hypoglycemia can vary between formulations. Hypoglycemia risk may 
be increased when patients receive excessive insulin doses, reduce their caloric intake, increase physical activity, 
during illnesses or when receiving medications that increase the hypoglycemic effects of insulin (see Table 5).  
 
Injection Site Reactions1-3 

Redness, swelling and itching at the injection site may result if the injection is not done properly, if the skin is 
sensitive to cleansing solution, or if the patient is allergic to insulin or components of the insulin formulation.  
 
Hypersensitivity1-3 

Generalized insulin allergies are rare but may present as a skin rash over the body, shortness of breath, fast pulse, 
sweating, a drop in blood pressure, bronchospasm, shock, anaphylaxis or angioedema.  
 
Adverse events associated with Exubera® are discussed below. Pfizer announced on October 18, 2007 that 
Exubera® will no longer be manufactured and sales will stop as of January 16, 2008.4-5 
 
Chest Pain1-3 
A range of different chest symptoms were reported as adverse events and were grouped under a nonspecific term 
chest pain. The incidence of chest pain was 4.7% in Exubera®-treated patients in comparison to 3.2% in 
comparator groups. The severity of >90% of reported occurrences ranged from mild to moderate.  
 
Dry Mouth1-3 
The incidence of dry mouth was 2.4% with Exubera® and >98% of reported occurrences ranged from mild to 
moderate. 
 
Ear Events in Pediatric Patients with Type 1 Diabetes Mellitus1-3 
Pediatric patients receiving Exubera® reported greater incidences of otitis media, ear pain, and ear disorder than 
those treated with subcutaneous insulin.  
 
Cough1-3 
Cough tended to occur within seconds to minutes of dose inhalation of Exubera® and was predominantly mild in 
severity. The incidences of cough ranged from 22%-30%, but were transient and decreased with continued 
Exubera® use. Only about 1.2% of patients in clinical trials discontinued treatment due to cough. 
 
Dyspnea1-3 
Dyspnea occurred in about 4% of patients with Exubera® and was mild to moderate in severity. 
 
Decreased Pulmonary Function1-3 
Patients treated with Exubera® in clinical trials demonstrated greater decline in pulmonary function tests, 
specifically the forced expiratory volume and carbon monoxide diffusing capacity, than comparator groups. The 
differences in pulmonary function were seen within the first several weeks of treatment, but did not progress 
further over the rest of the treatment duration. Upon discontinuation of treatment, patients with type 2 diabetes 
mellitus showed resolution of the differences 6 weeks later. Resolution of pulmonary function has not been studied 
in patients with type 1 diabetes mellitus. 

 
VII. Dosing and Administration  
 

Appropriate insulin dosing is dependent on the individual patient’s glycemic response to food intake and exercise. 
Dose frequency and timing is dependent on blood glucose levels, food consumption, time and level of exercise and 
the type of insulin formulation used. Thus an insulin regimen must be individualized to suit the specific needs and 
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treatment goals of the patient.28 Table 6 includes the dosing, administration and available formulations for the 
insulins. 
 

Table 6.  Usual Dosing for the Insulins1-3, 16-27 

Drug Usual Adult Dose Usual Pediatric Dose Availability 
Rapid-Acting Insulins 
Insulin aspart Dose and frequency are 

individualized per patient 
needs. 

Dose and frequency are 
individualized per patient needs. 

Cartridges (100 U/mL): 
3 mL 
 
Syringe (100 U/mL): 
3 mL 
 
Vial (100 U/mL): 
10 mL 

Insulin glulisine Dose and frequency are 
individualized per patient 
needs. 

Safety and efficacy in children 
have not been established. 

Cartridges (100 U/mL): 
3 mL 
 
Vial (100 U/mL): 
10 mL 

Insulin lispro, human 
recombinant analog 

Dose and frequency are 
individualized per patient 
needs. 

Dose and frequency are 
individualized per patient needs. 

Cartridges (100 U/mL): 
3 mL 
 
Syringe (100 U/mL): 
3 mL 
 
Vial (100 U/mL): 
10 mL 

Short-Acting Insulins 
Insulin, regular, human 
recombinant 

Dose and frequency are 
individualized per patient 
needs. 

Dose and frequency are 
individualized per patient needs. 

Cartridges (100 U/mL): 
3 mL 
 
Inhalation Powder:* 
1 mg and 3 mg blisters 
 
Syringe (100 U/mL): 
3 mL 
 
Vial (100 U/mL): 
10 mL 
 
Vial (500 U/mL): 
10 mL 

Intermediate-Acting Insulins 
Insulin, NPH (isophane), 
human recombinant 

Dose and frequency are 
individualized per patient 
needs. 

Dose and frequency are 
individualized per patient needs. 

Cartridges (100 U/mL): 
3 mL 
 
Syringe (100 U/mL): 
3 mL 
 
Vial (100 U/mL): 
10 mL 

Long-Acting Insulins 
Insulin detemir Dose and frequency are 

individualized per patient 
needs. 

Dose and frequency are 
individualized per patient needs. 

Cartridges (100 U/mL): 
3 mL 
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Drug Usual Adult Dose Usual Pediatric Dose Availability 
Syringe (100 U/mL): 
3 mL 
 
Vial (100 U/mL): 
10 mL 

Insulin glargine, human 
recombinant analog 

Dose and frequency are 
individualized per patient 
needs. 

Dose and frequency are 
individualized per patient needs. 

Cartridges (100 U/mL): 
3 mL 
 
Insulin Device (100 U/mL): 
3 mL 
 
Vial (100 U/mL): 
10 mL 

Combination Insulins, Rapid-Acting and Intermediate-Acting 
Insulin aspart and insulin 
aspart protamine 

Dose and frequency are 
individualized per patient 
needs. 

Safety and efficacy in children 
have not been established. 

Syringe (100 U/mL): 
3 mL 
 
Vial (100 U/mL): 
10 mL 

Insulin lispro and insulin 
lispro protamine 

Dose and frequency are 
individualized per patient 
needs. 

Safety and efficacy in children 
have not been established. 

Syringe (100 U/mL): 
3 mL 
 
Vial (100 U/mL): 
10 mL 

Combination Insulins, Short-Acting and Intermediate-Acting 
Insulin, regular and 
insulin, NPH, human 
recombinant 

Dose and frequency are 
individualized per patient 
needs. 

Dose and frequency are 
individualized per patient needs. 

Cartridges (100 U/mL): 
3 mL 
 
Syringe (100 U/mL): 
3 mL 
 
Vial (100 U/mL): 
10 mL 

*On October 18, 2007, Pfizer announced that this product will no longer be manufactured and as of January 16, 2008, sales will stop.4-5
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VIII. Effectiveness  
 

Clinical studies evaluating the safety and efficacy of the insulins are summarized in Table 7. 
 
Table 7.  Comparative Clinical Trials Using the Insulins 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Diabetes Control and 
Complications Trial 
(DCCT) Research Group29 

 
Standard insulin regimen 
once daily (QD) or twice 
daily (BID) administration, 
doses titrated to avoid 
symptoms of 
hypoglycemia or 
hyperglycemia 
 
vs 
 
intensive insulin regimen: 
>three times daily (TID) or 
external pump 
administration, doses 
titrated to goals 
(fasting/preprandial blood 
glucose [FPG] 70-120 
mg/dL, postprandial 
glucoses [PPG] <180 
mg/dL, 3 AM glucoses 
>65 mg/dL) 
 

RCT 
 
Insulin-dependent 
patients with type 1 
diabetes mellitus (T1DM) 
with mild retinopathy 
(secondary prevention 
cohort) or without 
retinopathy (primary 
prevention cohort), 
baseline glycosylated 
hemoglobin (HbA1c) 
9.1% in both treatment 
groups 
 
Patients were excluded if; 
they had advanced 
retinopathy, nephropathy, 
or neuropathy; a history 
of drug or alcohol abuse; 
psychotic episodes; eating 
disorders; epilepsy; 
recurrent episodes of 

ketoacidosis; and 
recurrent episodes of 
coma or seizure due to 
hypoglycemia.  

N=1,441 
 

6.5 years 
(mean) 

Primary: 
Effect on 
retinopathy 
development 
(primary prevention 
cohort) or 
progression 
(secondary 
prevention cohort) 
 
Secondary: 
Effect on renal 
function 
(microalbuminuria 
and albuminuria), 
neuropathy 
development, and 
macrovascular 
disease 

Primary: 
Intensive insulin therapy significantly reduced the risk of 
retinopathy onset (primary prevention cohort) by 76% 
compared to standard therapy (P<0.001). 
 
Intensive insulin therapy significantly reduced the risk of 
retinopathy progression (secondary prevention cohort) by 
54% compared to standard therapy (P<0.001). 
 
Secondary: 
Intensive insulin therapy significantly reduced the risk of 
microalbuminuria by 34% in the primary prevention cohort 
(P=0.04) and by 43% in the secondary prevention cohort 
(P=0.001) compared to standard therapy. 
 
Intensive insulin therapy significantly reduced the risk of 
albuminuria by 56% in the secondary prevention cohort 
(P=0.01) compared to standard therapy. 
 
Intensive insulin therapy significantly reduced the risk of 
neuropathy appearance by 69% in the primary prevention 
cohort (P=0.006) and by 57% in the secondary prevention 
cohort (P<0.001) compared to standard therapy. 
 
Nonsignificant reduction of risk of macrovascular disease was 
observed with intensive insulin therapy (44%; 95% CI, –10% 
to 68%) compared to standard therapy. 
 
Intensive insulin therapy had a threefold higher incidence of 
hypoglycemic events (P<0.001) compared to standard 
therapy. 

UK Prospective Diabetes 
Study (UKPDS) Group30 

 

RCT 
 
Patients newly diagnosed 

N=3,867 
 

10 years 

Primary: 
Time to the first 
occurrence of any 

Primary: 
Intensive therapy significantly reduced the risk of any 
diabetes-related endpoint by 12% compared to dietary therapy 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Intensive therapy with a 
sulfonylurea 
(chlorpropamide, 
glibenclamide [glyburide], 
or glipizide) or with 
insulin; doses were titrated 
to achieve an FPG of <6 
mmol/L 
 
vs 
 
dietary therapy  

with type 2 diabetes 
mellitus (T2DM), 
baseline HbA1c 7.05% in 
the dietary treatment 
group and 7.09% in the 
intensive therapy group 
 
Patients were excluded if 
they had ketonuria more 
than 3 mmol/L, serum 
creatinine greater than 
175 μmol/L, myocardial 
infarction in the previous 
year, current angina or 
heart failure, more than 
one major vascular event, 
retinopathy requiring 
laser treatment, malignant 
hypertension, uncorrected 
endocrine disorder, 
occupation that precluded 
insulin therapy, and 
severe concurrent illness 
that would limit life or 
require extensive 
systemic treatment.  

diabetes-related 
endpoint, time to 
diabetes-related 
death and all-cause 
mortality 
 
Secondary: 
Not reported 

(P=0.029). 
 
Intensive therapy caused a nonsignificant reduction in risk of 
time to diabetes-related death by 10% compared to dietary 
therapy (P=0.34). 
 
Intensive therapy caused a nonsignificant reduction in risk of 
time to all-cause mortality by 6% compared to dietary therapy 
(P=0.44). 
 
Intensive therapy significantly reduced risk of any 
microvascular endpoints by 25% compared to dietary therapy 
(P=0.0099). 
 
Patients in the intensive group had a higher rate of 
hypoglycemic episodes per year (1.0% with chlorpropamide, 
1.4% with glibenclamide, 1.8% with insulin, and 0.7% with 
dietary therapy; P<0.0001) than those in the dietary therapy 
group.  
 
Weight gain was significantly higher in the intensive 
treatment group (mean 2.9 kg) than in the dietary treatment 
group (P<0.001). 
 
Secondary: 
Not reported 

Rapid-Acting Insulin: Type 1 Diabetes Mellitus 
Home et al31 

 
Premeal insulin aspart plus 
NPH insulin subcutaneous 
(SC) QD or BID 
 
vs 
 
Premeal regular human 
insulin (REG) plus NPH 
insulin SC QD or BID 
 

ES, MC, MN, OL, PG, 
RCT 
 
Patients aged ≥18 years 
with T1DM for at least 2 
years on insulin for at 
least 1 year before 
inclusion, HbA1c ≤11%, 
body mass index (BMI) 
≤35 kg/m2 

N=753 
 

36 months 

Primary: 
HbA1c, hypoglycemia, 
adverse events 
 
Secondary: 
Not reported 

Primary: 
At the end of the original 6 month study, HbA1c decreased in 
the insulin aspart group, with a statistically significant 
difference of –0.12 (95% CI, –0.22 to –0.03; P<0.02). At 30 
months during the extension period, the difference of –0.16 in 
HbA1c was maintained (95% CI, –0.32 to –0.01; P<0.035). At 
30 months, mean HbA1c was significantly lower in the insulin 
aspart group compared to the REG group after adjustment for 
the rate of hypoglycemic episodes and baseline HbA1c 
(P<0.001). 
 
The relative risk estimate for major hypoglycemia was similar 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Insulin doses were 
adjusted to achieve target 
FPG and bedtime glucose 
5.0-8.0 mmol/L and PPG 
<10.0 mmol/L. 

in both treatment groups at 36 months (RR, 1.0; 95% CI, 0.72 
to 1.39; P=NS). The proportion of patients reporting major 
hypoglycemia decreased from 16% in the first 6 months to 3% 
in the last 6 months in the insulin aspart group. The frequency 
of patients reporting major hypoglycemia also decreased in the 
REG group from 17% to 2%. There were no significant 
differences between groups in regards to major nocturnal 
hypoglycemia (RR, 0.89; 95% CI, 0.64 to 1.24; P=NS). 
 
The proportion of patients experiencing adverse events during 
the treatment period was similar in both treatment groups. P 
value was not reported. 
 
Secondary: 
Not reported 

Mortensen et al32 

 
Premeal biphasic insulin 
aspart (BIAsp) 30 plus NPH 
insulin SC at bedtime (HS) 
 
vs 
 
premeal REG (before lunch 
and dinner) plus biphasic 
human insulin (BHI) 30 SC 
before breakfast and NPH 
insulin SC HS 
 
Insulin doses were titrated to 
achieve target FPG <8 
mmol/L and PPG <10 
mmol/L. 

MN, OL, PG, RCT 
 
Adolescents aged 10-17 
years with T1DM for at 
least 18 months 

N=167 
 

16 weeks 
 
 

Primary: 
HbA1c, change in 
PPG, body weight, 
hypoglycemia 
 
Secondary: 
Not reported 

Primary: 
HbA1c decreased by about 0.2% in both treatment arms at 
endpoint. There was no significant difference in the change of 
HbA1c between groups at study endpoint (P=0.62). 
 
At 16 weeks, both the BIAsp 30 group and REG group had 
reductions in average PPG (SEM, 0.37 and 0.77, respectively; 
P=0.47). 
 
The increase in body weight was smaller in the BIAsp group 
than the REG group. The difference between groups was 
significant for males (P=0.007), but not for females. 
 
The rates of hypoglycemia during the day and during the night 
were similar between treatment groups. P value was not 
reported. 
 
Secondary: 
Not reported 

Chen et al33 

 
BIAsp 30 (30% rapid-
acting insulin aspart and 
70% insulin aspart 

OL, RCT, XO 
 
Patients aged ≥18 years 
with T1DM for ≥12 
months, previously 

N=27 
 

24 weeks 

Primary: 
Change in HbA1c 
from baseline at end 
of each 12 week-
treatment period, 

Primary: 
Eleven out of 27 patients chose to take bedtime NPH insulin 
while they were being treated with insulin aspart.  
 
Both the BIAsp30 and the REG groups had significant 
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protamine [BIAsp30]) 
TID, divided in a 30:30:40 
ratio (breakfast: lunch: 
dinner); NPH insulin could 
be added at HS 
 
vs 
 
REG administered SC TID 
plus NPH insulin at HS 
 
Note: Initial doses of 
insulin aspart were equal 
to the average daily insulin 
dose before randomization 
while initial doses of REG 
were unchanged from 
pretrial treatment. Doses 
were titrated to achieve 
FPG goal of 5.0-8.0 
mmol/L and PPG goal of 
5.0-10.0 mmol/L. 

treated with soluble 
human insulin TID plus 
NPH at bedtime with a 
total daily dose <1.8 
IU/kg, BMI<35 kg/m2 and 
HbA1c≥8% during the last 
6 months 
 
At 12 weeks, patients 
were switched to the 
alternative insulin 
regimen for another 12 
weeks. 

daily 7-point self 
monitoring of blood 
glucose (SMBG) 
 
Secondary: 
Hypoglycemia 

improvement in HbA1c levels from baseline (P<0.01). However, 
the insulin aspart group had a significantly greater reduction in 
HbA1c than that of the REG group (P<0.05). Upon further 
analysis it was ascertained that most of the between-group 
difference in HbA1c was driven by the patients who 
administered bedtime NPH insulin in combination with their 
TID BIAsp30.  
 
Both the BIAsp30 and the REG groups had similar results in 
SMBG of daytime glycemic control. However, the insulin 
aspart group had significantly lower blood glucose 
concentrations at 2 hours after dinner and at bedtime in 
comparison to the REG group (P<0.05). 
 
Secondary: 
The rates of hypoglycemia (events/patient-week) were similar 
among the insulin aspart and REG group (1.2 vs 0.7, 
respectively for total events and 0.2 vs 0.2, respectively for 
nocturnal events, P value not reported). 
 
 

Raskin et al34  
 
Insulin aspart before meals 
with NPH dosed QD-BID 
 
vs 
 
regular human insulin 30 
minutes before meals with 
NPH dosed QD-BID 
 
Doses of insulin were 
titrated to achieve FPG of 
90-144 mg/dL, PPG ≤180 
mg/dL and 2:00 AM blood 
glucose of 90-144 mg/dL. 

MC, OL, RCT 
 
T1DM patients with an 
HbA1c≤11%, baseline 
HbA1c 7.9% in the insulin 
aspart group and 7.95% in 
the regular human insulin 
group  
 
Patients were excluded if 
they had impaired 
hepatic, renal, or cardiac 
function; other exclusions 
included recurrent 
hypoglycemia, 
proliferative retinopathy, 
or total daily insulin 

N=882 
 

6 months  
(with 6 
month 

extension 
period) 

Primary: 
Effect on 8-point 
blood glucose 
measurements and 
HbA1c at 6 and 12 
months 
 
Secondary: 
Not reported 

Primary: 
At 6 and 12 months, mean postprandial blood glucose (90 
minutes postmeal) was significantly lower with insulin aspart 
compared to regular human insulin (P<0.05). 
 
At six months, mean preprandial lunch and dinner blood 
glucose levels were significantly lower with insulin aspart 
when compared to regular human insulin (P<0.05).  
 
At 12 months, only preprandial dinner blood glucose levels 
were significantly lower with insulin aspart (P<0.05). 
 
At six months, HbA1c was significantly lower with insulin 
aspart (7.78%) when compared to regular human insulin 
(7.93%; P=0.005). 
 
At 12 months, HbA1c was significantly lower with insulin 



 
 

203 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

requirement ≥1.4 units 
(U)/kg. 
 
  

aspart (7.78%) when compared to regular human insulin 
(7.91%; P=0.005). 
 
Mean NPH dose increased significantly with insulin aspart 
compared to regular human insulin (0.314 vs 0.296 U/kg; 
P=0.011). 
 
Similar rates of hypoglycemia were observed in both 
treatment groups.  

Mathiesen et al35 

 
Premeal insulin aspart plus 
NPH insulin SC QD to four 
times daily (QID) 
 
vs 
 
premeal REG plus NPH 
insulin SC QD to QID 
 
Initial doses were 100% of 
insulin dose at study entry. 
Doses were titrated to 
achieve target goals FPG 
4.1-6.1 mmol/L, PPG<7.5 
mmol/L, and HbA1c<6.5%. 

MC, OL, PG, RCT 
 
Patients aged ≥18 years 
with insulin-treated 
T1DM for ≥12 months, 
either pregnant with a 
singleton pregnancy 
(gestational age ≤10 
weeks) or planning to 
become pregnant, HbA1c 
≤8% 

N=412 
 

28 months 

Primary: 
Major hypoglycemia 
during pregnancy 
 
Secondary: 
HbA1c, self-
measured 8-point 
plasma glucose 
profile, maternal 
adverse events, 
obstetric 
complications, 
diabetes 
complications 

Primary: 
The rates of major maternal hypoglycemia were lower in 
patients taking insulin aspart than patients taking REG. There 
was a 28% risk reduction for major hypoglycemia (RR, 0.720; 
95% CI, 0.36 to 1.46; P value not reported) and a 52% risk 
reduction for major nocturnal hypoglycemia (RR, 0.48; 95% CI, 
0.20 to 1.14; P value not reported) for patients taking insulin 
aspart than patients taking REG. However, this did not reach 
statistical significant. 
 
Secondary: 
Treatment with insulin aspart was as effective as treatment with 
REG in regards to HbA1c (mean difference, –0.04%; 95% CI, –
0.18 to 0.11; P=NS) during the second and third trimester 
(mean difference, –0.08%; 95% CI, –0.23 to 0.06; P=NS). 
 
Overall 8-point plasma glucose profiles were similar between 
treatment groups during the second and third trimesters. PPG 
levels were consistently lower in the insulin aspart group 
following breakfast than the REG group during the first 
trimester (P=0.044) and the third trimester (P=0.0007). 
However, there was no difference in PPG after breakfast during 
the second trimester (P=0.153). 
 
Both treatments were well tolerated and the adverse event 
profiles were similar between both groups. The frequency and 
profile of obstetric complications were similar between 
treatments with the most frequent complications being 
preeclampsia, threatened preterm labor, prolonged labor, and 
unplanned cesarean section. Treatment groups were not 
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different in regards to changes in vital signs, physical 
examinations parameters, electrocardiograms, or clinical 
laboratory findings. P values were not reported. 

Garg et al36 

 
Insulin glulisine before 
morning (AM) and 
evening (PM) meals along 
with insulin glargine QD 
 
vs 
 
insulin glulisine after AM 
and PM meals along with 
insulin glargine QD 
 
vs 
  
regular human insulin 
before AM and PM meals 
along with insulin glargine 
QD 
 
Prandial insulin doses were 
adjusted to achieve 2-hour 
PPG of 120-160 mg/dL. 

MC, OL, PG, RCT 
 
Patients with T1DM on 
insulin therapy for >1 
year, baseline HbA1c 
7.7% for both insulin 
glulisine treatment groups 
and 7.6% for the regular 
insulin group 
 
The exclusion criterion 
was not specified. 

N=860 
 

12 weeks 

Primary: 
Effect on HbA1c, 
rate of 
hypoglycemia, and 
insulin dose  
 
Secondary: 
Not reported 

Primary: 
HbA1c reductions for insulin glulisine administered after 
meals (–0.11%) did not differ significantly from regular 
insulin (–0.13%; P=0.6698). 
 
HbA1c reductions for insulin glulisine administered before 
meals (–0.26%) were significantly lower than regular insulin 
(–0.13%; P=0.0234).  
 
HbA1c reductions for insulin glulisine administered before 
meals (–0.26%) were significantly lower than insulin glulisine 
administered after meals (–0.11%; P=0.0062). 
 
No significant differences were observed in the rates of 
symptomatic hypoglycemia (all and severe cases) between 
pre- and postmeal insulin glulisine and regular insulin 
(P>0.05).  
 
Change in total insulin dose from baseline was significantly 
higher in the regular insulin group (+2.35 U) compared to 
premeal insulin glulisine (+0.04 U; P=0.014).  
 
Secondary: 
Not reported 

Dreyer et al37 

 
Insulin glulisine 
administered before meals 
 
vs 
  
insulin lispro administered 
before meals 
 
Both treatment groups 
received insulin glargine 

MC, OL, PG, RCT 
 
Patients with T1DM on 
insulin therapy for >1 
year, baseline HbA1c 
7.6% for both treatment 
groups  
 
The exclusion criterion 
was not specified.  

N=672 
 

26 weeks 

Primary: 
Effect on HbA1c, 
rate of 
hypoglycemia, 
effect on self-
monitored blood 
glucose and insulin 
dose  
 
Secondary: 
Not reported 

Primary: 
There was a comparable decrease in HbA1c between the 
insulin glulisine and lispro groups (–0.14% for both groups; 
P=NS). 
 
The incidences of all hypoglycemic events (nocturnal and 
severe) were similar between the two treatment groups.  
 
Self-monitored blood glucose levels were similar in both 
treatment groups in regards to pre- and postprandial, bedtime 
and nocturnal blood glucose levels. 
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QD at bedtime. Insulin 
doses were adjusted to 
achieve a 2-hour 
postprandial blood glucose 
of 120-160 mg/dL. 

There was a significant increase in total insulin dose in the 
insulin lispro treated group (+1.01 U) compared to the insulin 
glulisine group (–0.86 U; P=0.0123). 
 
There was no significant difference in change in rapid-acting 
insulin dose between treatment groups.  
 
Rates of hypoglycemia were similar in both treatment groups. 
Rates of adverse events were also similar among the two 
treatment groups.  
 
Secondary: 
Not reported 

Rave et al38 

 
Premeal insulin glulisine (2 
minutes prior to a 
standardized 15-minute 
meal) 
 
vs 
 
postmeal insulin glulisine 
(15 minutes postmeal) 
 
vs 
 
premeal REG (30 minutes 
premeal) 
 
vs 
 
premeal REG (2 minutes 
premeal) 

Four-way XO, OL, RCT, 
single-dose 
 
Patients aged 18-55 years 
with T1DM on the same 
insulin regimen for ≥2 
months before 
enrollment, BMI 18-32 
kg/m2, HbA1c<10%, 
serum C-peptide levels 
≤0.9 ng/mL  

N=21 
 

4 treatment 
periods 

Primary: 
Blood glucose 
exposure and 
excursion at 2 and 6 
hours following a 
meal, mean maximum 
blood glucose 
concentration, time to 
reach mean maximum 
blood glucose 
concentration 
 
Secondary: 
Not reported 

Primary: 
Blood glucose exposure within 2 hours after the start of a meal 
was significantly lower with insulin glulisine than with REG 
(279 vs 344 mg·h/dL, respectively; P value not reported). 
However, at 6 hours following a meal, blood glucose exposure 
was not significantly different between both groups (708 vs 770 
mg·h/dL, respectively; P value not reported). 
 
When insulin glulisine was given immediately prior to a meal 
and REG 30 minutes prior to the meal, blood glucose control 
was comparable. Both 2- and 6-hour blood glucose exposures 
were well matched. However, treatment with REG resulted in 
time to maximum blood glucose excursion to occur 43 minutes 
later compared to insulin glulisine. 
 
Postmeal insulin glulisine and REG given immediately premeal 
produced similar effects on PPG exposure and excursion at 2 
hours after a meal (337 vs 334 mg·h/dL, respectively) and 6 
hours after a meal (777 vs 770 mg·h/dL, respectively; P values 
not reported). 
 
Insulin glulisine was absorbed more rapidly than REG and 
reached a mean maximum concentration that was almost twice 
as large as the mean maximum concentration for REG. P value 
was not reported. 
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In addition, the time to reach maximum concentration for 
insulin glulisine was half that of REG. P value was not 
reported. 
 
Secondary: 
Not reported 

Anderson Jr. et al39  
 
Insulin lispro before each 
meal along with a basal 
insulin formulation for 3 
months, then REG insulin 
before each meal along 
with a basal insulin 
formulation for 3 months 
 
vs 
 
REG insulin before each 
meal along with a basal 
insulin formulation for 3 
months, then insulin lispro 
before each meal along 
with a basal insulin 
formulation for 3 months 

MC, OL, RCT, XO 
 
Patients with T1DM 
previously treated with 
REG insulin, baseline 
HbA1c 8.5% for both 
groups 
 
Patients were excluded if 
they had any severe 
concomitant disease, 
pregnancy, a BMI >35 
kg/m2, a daily insulin 
dose >2.0 U/kg, or a 
history of clinically 
significant hypoglycemia 
unawareness. 

N=1,008 
 

6 months 

Primary: 
Effect on 
postprandial serum 
glucose (1- and 2-
hour), HbA1c, and 
frequency of 
hypoglycemia 
 
Secondary: 
Effect on insulin 
dose, frequency of 
premeal and basal 
insulin injections, 
and weight 

Primary: 
1-hour postprandial serum glucose rise was significantly 
lower with insulin lispro compared to REG insulin (12.9 vs 
13.9 mmol/L; P<0.001). 
 
2-hour postprandial serum glucose rise was significantly 
lower with insulin lispro compared to REG insulin (11.2 vs 
12.9 mmol/L; P<0.001). 
 
There was no difference in HbA1c reduction between the 2 
treatment groups.  
 
The rate of hypoglycemia was 12% less during treatment with 
insulin lispro when compared to REG insulin (P<0.001). 
 
Secondary: 
A small but significant increase in total insulin dose was 
observed with insulin lispro when compared to REG insulin 
(0.71 vs 0.69 U/kg; P<0.001). 
 
No significant difference was reported for frequency of 
premeal injections between the 2 treatment groups.  
 
Significantly less patients on REG insulin required ≥2 basal 
insulin injections compared to insulin lispro (46.4% vs 44.0%; 
P<0.05). 
 
There were no significant differences in weight gain between 
the 2 treatment groups.  
 
There were no differences in type and frequency of adverse 
events between the 2 treatments. 
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Fairchild et al40 

 
Insulin lispro plus Humulin® 
NPH or L 
 
vs 
 
REG plus Humulin® NPH or 
L 
 
Patients were crossed over 
to other treatment regimen 
after 3 months of therapy 
with initial randomized 
therapy. Initial insulin 
doses were the same as 
current regular insulin 
dosage. Glycemic goals 
were HbA1c 6%-8% and 
preprandial blood glucose 
levels 4-10 mmol/L. 

OL, RCT, XO 
 
Children aged 5-10 years 
with T1DM for at least 12 
months, prepubertal, on 
BID insulin, attending the 
Diabetes Clinics at the 
New Children’s Hospital, 
Newcastle 

N=43 
 

6 months 

Primary: 
HbA1c 
 
Secondary: 
Blood glucose levels 
before and after 
meals, 2-hour 
postprandial glucose 
excursions, 
hypoglycemic 
events 

Primary: 
After 3 months, change in HbA1c was not significantly different 
between patients on insulin lispro and patients on REG (mean 
difference –0.19±0.63%; P value not reported). 
 
Secondary: 
There were no significant differences in blood glucose levels 
before or after meals and 2-hour postprandial glucose 
excursions. However, the 3 AM blood glucose levels were 
significantly lower in patients taking REG than in patients 
taking insulin lispro (mean difference between treatments –2.35 
mmol/L; 95% CI, –3.98 to –0.72; P=0.01). 
 
There was no significant difference in the frequency of total 
hypoglycemic episodes or hypoglycemic episodes with a 
blood glucose of <3 mmol/L between patients taking REG 
and patients taking insulin lispro. P value was not reported. 

Colquitt et al41  
 
Rapid-acting insulin 
analogs administered by 
continuous infusion (all 
studies used insulin lispro, 
while one study included a 
third group with insulin 
aspart)  
 
vs 
 
regular human insulin 
administered by 
continuous infusion 
 
 

MA 
 
Analysis of 6 randomized 
trials that compared 
rapid-acting insulin 
analogs vs regular insulin 
in the treatment of 
patients with diabetes 
mellitus using continuous 
infusions 
 
Trials less than 10 weeks 
in duration were 
excluded.  
 

N=577 
 

Duration 
varied 

Primary: 
Effect in HbA1c, 
insulin dose, weight 
change, patient 
preference, quality 
of life and adverse 
events 
 
Secondary: 
Not reported 
 

Primary: 
Significant improvement in HbA1c of –0.26% (95% CI, 
−0.47% to −0.06%; P=0.01) was observed with insulin lispro 
compared with regular insulin. 
 
The differences in HbA1c from baseline between insulin 
aspart, regular insulin, or insulin lispro were not significant. 
 
No significant difference in insulin dose was reported 
between treatment groups. 
 
No significant difference in weight was reported between 
treatment groups.  
 
Two studies reported patient preference to short-acting insulin 
analogs. One study found no difference in satisfaction 
between treatment groups and one study found greater patient 
satisfaction towards short-acting insulin analogs. 
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No difference in frequency of severe hypoglycemic events 
was reported between treatment groups. 
 
Secondary: 
Not reported 

Rapid-Acting Insulin: Type 2 Diabetes Mellitus 
McSorley et al42 

 
BIAsp 30 SC BID 
 
vs 
 
BHI 30 SC BID 
 
Patients were crossed over 
to other insulin regimen 
after 2 weeks of initial 
randomized insulin 
regimen. 

2-period, DB, RCT, XO 
 
Patients aged 40-75 years 
with T2DM for at least 1 
year, had been on BID 
BHI 30 for at least 6 
months 

N=13 
 

4 weeks 

Primary: 
Area under the curve 
(AUC) during 2 hours 
following insulin 
administration at 
dinner and breakfast 
 
Secondary: 
Maximum serum 
insulin concentration 
after 2 injections 
(Cmax); time to reach 
peak serum insulin 
concentrations; 4-
hour glucose 
excursion following 
dinner, breakfast, 
and lunch; glucose 
Cmax after dinner, 
breakfast, and lunch; 
time taken to reach 
glucose Cmax values 

Primary: 
The AUC 2 hours following insulin administration was 
significantly greater for BIAsp 30 than for BHI 30 after dinner 
and breakfast (P<0.05). 
 
Secondary: 
BIAsp 30 reached a Cmax that was 18% higher after dinner and 
35% higher after the following day’s breakfast than that of BHI 
30 (P<0.05 for both values).  
 
The time taken to reach peak serum insulin concentrations was 
1 hour earlier after breakfast and 45 minutes earlier after dinner 
in the BIAsp 30 group compared to the BHI 30 group. 
However, the only measure to reach statistical significance was 
after breakfast (P<0.05). 
 
Serum glucose excursions were significantly lower in the 
BIAsp 30 group than the BHI 30 group after dinner (P<0.05) 
and after breakfast (P<0.05). However, serum glucose 
excursion after lunch was significantly higher in the BIAsp 30 
group than the BHI 30 group (P<0.05). 
 
Following breakfast, glucose Cmax was significantly lower and 
time to reach glucose Cmax was significantly earlier with BIAsp 
30 than BHI 30 (P<0.05 for both measures). 
 
Both insulins were well-tolerated and had comparable adverse 
events. There were no major hypoglycemic episodes or 
serious adverse events reported. 

Bretzel et al43 

 
Insulin aspart dosed before 

MC, OL, PG, RCT  
 
Adult (≥35 years old) 

N=231 
 

12 weeks 

Primary: 
Equivalence of the 
primary efficacy 

Primary: 
Insulin aspart reduced HbA1c by 0.91 ± 1.0%, while human 
insulin reduced HbA1c by 0.73 ± 0.87% and premixed insulin 
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each meal with NPH 
(dosed QD) if needed 
 
vs 
 
regular human insulin 
dosed before each meal 
with NPH (dosed QD) if 
needed 
 
vs 
 
premixed 70% NPH and 
30% regular human insulin 
QD-BID 
 
Insulin doses were titrated 
to achieve blood glucose 
levels of 80-110 mg/dL 
(time of glucose sampling 
not specified). 

T2DM with HbA1c ≤10%, 
baseline HbA1c 7.82% for 
insulin aspart, 7.83% for 
regular human insulin and 
7.78% for the premixed 
insulin  
 
Patients were excluded if 
they had impaired hepatic 
or renal function, New 
York Heart Association 
(NYHA) heart failure 
class III or IV, 
proliferative retinopathy, 
uncontrolled 
hypertension, or total 
daily insulin requirement 
≥1.4 U/kg.  
 

endpoint–effect on 
HbA1c  
 
Secondary: 
Not reported 
 

reduced HbA1c by 0.65 ± 1.10%. 
 
Insulin aspart was found not to be statistically equivalent to 
human insulin (P=0.025) or the premixed insulin formulation 
(P=0.092). Significance level for P was set at 0.0083. 
 
The proportion of patients reporting an adverse event was 
comparable in all three treatment groups. 
 
The proportion of patients that experienced a hypoglycemic 
event (41% for insulin aspart and human insulin and 30% for 
premixed insulin) was not statistically different.  
 
Secondary: 
Not reported 
 

Niskanen et al44 
 
Insulin aspart 30% and 
insulin aspart protamine 
70% (administered via 
proprietary pen device) for 
12 weeks, then insulin 
lispro 25% and insulin 
lispro protamine 75% 
(administered via 
proprietary pen device) for 
12 weeks 
 
vs 
 
insulin lispro 25% and 
insulin lispro protamine 
75% (administered via 

MC, OL, RCT, XO 
 
Patients with T2DM 
previously treated with 
insulin with HbA1c <12%, 
baseline HbA1c for the 
whole sample size was 
8.5% 
 
Patients were excluded if 
they had any severe 
concomitant disease, 
current use of oral 
hypoglycemic agents or 
other insulin 
formulations. 

N=137 
 

24 weeks 

Primary: 
Effect on HbA1c and 
7-point blood 
glucose levels  
 
Secondary: 
Patient satisfaction 
with the pen devices 

Primary: 
HbA1c reduction was comparable between the 2 treatment 
groups.  
 
The 7-point blood glucose profile was comparable at each 
time point and there was no significant difference between the 
2 treatment groups. 
 
Secondary: 
Significantly more patients preferred the insulin aspart pen 
device compared to the insulin lispro pen device (P<0.005). 
 
The incidence of reported adverse events was similar between 
treatment groups. 
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proprietary pen device) for 
12 weeks then insulin 
aspart 30% and insulin 
aspart protamine 70% 
(administered via 
proprietary pen device) for 
12 weeks 
Dailey et al45  
 
Insulin glulisine before 
AM and PM meals along 
with NPH insulin dosed 
BID 
 
vs 
 
regular human insulin 
before AM and PM meals 
along with NPH insulin 
dosed BID 
 
Insulin doses were 
adjusted to achieve PPG 
120-160 mg/dL. 

MC, OL, PG, RCT 
 
Patients with T2DM on 
continuous insulin 
therapy for ≥6 months, 
baseline HbA1c 7.58% for 
insulin glulisine and 
7.52% for regular human 
insulin  
 
The exclusion criterion 
was not specified. 

N=876 
 

26 weeks 

Primary: 
Effect on HbA1c, 
rate of 
hypoglycemia, 
effect on self-
monitored blood 
glucose and insulin 
dose  
 
Secondary: 
Not reported 

Primary: 
There was a small, but significantly greater decrease in HbA1c 
observed in the insulin glulisine group compared to the 
regular insulin group (–0.46% vs –0.30%; P=0.0029). 
 
No significant differences were observed in either treatment 
groups in the incidence of hypoglycemia. 
 
Significantly lower 2-hour postprandial (breakfast and dinner) 
blood glucose was observed in the insulin glulisine group 
compared to the regular human insulin group (P<0.05). 
 
There was no significant difference in total daily insulin doses 
between the two treatment groups throughout the study.  
 
Secondary: 
Not reported 

Rayman et al46 

 
Insulin glulisine 0 to 15 
minutes SC BID plus NPH 
insulin SC BID and current 
oral antidiabetic medication 
(OAD) regimens 
 
vs  
 
REG SC BID plus NPH 
insulin SC BID and current 
OAD regimens 
 
Insulin glulisine and REG 

MC, MN, OL, PG, RCT 
 
Patients aged ≥18 years 
with T2DM on >6 months 
of continuous insulin 
treatment prior to study 
entry, HbA1c 6%-11%, 
ability and willingness for 
SMBG 

N=892 
 

26 weeks 

Primary: 
Change in HbA1c, 
adverse events 
 
Secondary: 
Difference in the 
change of HbA1c at 
12 and 26 weeks 
between insulin 
glulisine and REG, 
self-monitored 
seven-point blood 
glucose profile, 
symptomatic 
hypoglycemia, 

Primary: 
HbA1c decreased from baseline to study endpoint in both the 
insulin glulisine and REG groups. HbA1c in the insulin glulisine 
group decreased from 7.58±0.90% to 7.25±0.95% and from 
7.50±0.89% to 7.19±0.90% in the REG group. P value was not 
reported. No difference between groups was seen in the 
proportion of patients achieving HbA1c levels <7% (P=0.8962). 
 
There was no between-treatment difference in the frequency 
and type of treatment emergent adverse events observed. P 
value was not reported. 
 
Secondary: 
There was no between-treatment difference in change in HbA1c 
for insulin glulisine and REG at 12 weeks and study endpoint 
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doses were adjusted to 
achieve target PPG 120-
160 mg/dL, while avoiding 
hypoglycemia. NPH 
insulin was titrated to 
achieve FPG 90-120 
mg/dL. All OADs were 
permitted with the 
exception of repaglinide, 
nateglinide or 
thiazolidinediones. 

insulin dose (P=0.3573 and P=0.5726, respectively). 
 
At study endpoint, glucose values were significantly lower 2-
hours postbreakfast with insulin glulisine compared to REG 
(P<0.001). 
 
There were no noteworthy differences between both treatment 
groups in the frequencies and monthly rates of all 
symptomatic hypoglycemia. However, the frequencies and 
monthly rates of severe symptomatic hypoglycemia were 
lower in the insulin glulisine group than the REG group. 
Patients taking insulin glulisine also had fewer reports of 
nocturnal symptomatic hypoglycemia from month 4 to 
treatment end compared to patients taking REG (P=0.029). 
 
In terms of insulin doses, there was a larger increase in the 
short-acting dose with REG than with insulin glulisine 
(adjusted mean 4.47 U vs 2.95 U, respectively; P=0.0645). 
Overall, the total daily insulin dose increased slightly more 
with REG. However, the difference was not significant 
(P=0.1727). 

Rosenstock et al47 

 
Premeal premixed therapy 
(PPT) (lispro mix 50/50) 
TID 
 
vs 
 
basal bolus therapy (BBT) 
(insulin glargine HS plus 
premeal insulin lispro) 

MC, NI, OL, RCT 
 
Patients with T2DM 

N=374 
 

24 weeks 

Primary: 
HbA1c, percentage 
of patients achieving 
HbA1c<7.0%, 
hypoglycemia 
 
Secondary: 
Not reported 

Primary: 
HbA1c was reduced significantly from baseline in both 
treatment groups (P<0.0001). At 24 weeks, HbA1c was lower 
with BBT compared to PPT (6.78% vs 6.95%, respectively; 
P=0.021). The difference between treatment groups was –
0.22% (90% CI, –0.38% to –0.07%; P value not reported). 
 
The percentage of patients achieving HbA1c<7.0% was 54% 
vs 69% in the PPT and BBT groups, respectively (P=0.009). 
 
Rates of hypoglycemia were similar between both treatment 
groups. 
 
Secondary: 
Not reported 

Rapid-Acting Insulin: Type 1 Diabetes Mellitus and Type 2 Diabetes Mellitus 
Korytkowski et al48  
 

OL, RCT, XO 
 

N=121 
 

Primary: 
Patient preference 

Primary: 
Seventy-four percent (74%) indicated preference for prefilled 
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70% insulin aspart and 
30% insulin aspart 
protamine vial/syringe for 
4 weeks  
 
vs  
 
70% insulin aspart and 
30% insulin aspart 
protamine prefilled pen for 
4 weeks 

Patients with T1DM and 
T2DM were stabilized on 
70% insulin aspart and 
30% insulin aspart 
protamine then 
randomized to use 
vial/syringe or a prefilled 
pen for 4 weeks. After 4 
weeks, patients were 
crossed over to the other 
administration method. 
Baseline HbA1c was 
8.7%. 

12 weeks  
Secondary: 
Effect on glycemic 
control (HbA1c, 
FPG, fructosamine, 
and 4-point glucose 
profile) 

pen over the vial/syringe (95% CI, 71% to 87%) compared to 
20% who indicated a preference for the vial/syringe. 
 
Secondary: 
Overall, a significant reduction in HbA1c (–3%; P<0.05) was 
observed during the entire study (no comparison between 
treatment groups made). 
 
There was no significant difference in FPG, fructosamine or 
4-point glucose profile between treatment groups.  
 
There was no difference in safety profile between treatment 
groups.  

Vignati et al49 

 
Insulin lispro and NPH 
BID before meals for 2 
months then REG and 
NPH BID before meals for 
2 months 
 
vs 
 
REG and NPH BID before 
meals for 2 months then 
insulin lispro and NPH 
BID before meals for 2 
months 
 
Doses of both regimens 
were adjusted to achieve 2-
hour postprandial serum 
glucose of ≤160.2 mg/dL 
and fasting serum glucose 
of ≤140.0 mg/dL. 

MC, OL, RCT, XO 
 
Patients with T1DM and 
T2DM previously treated 
with regular human 
insulin and NPH insulin, 
baseline HbA1c 8.0% for 
both groups in patients 
with type 1 diabetes and 
8.1% for both groups in 
patients with type 2 
diabetes  
 
Patients were excluded if 
they had any severe 
concomitant disease or 
were using oral 
hypoglycemic agents. 

N=707 
 

4 months 

Primary: 
Effect on HbA1c, 
preprandial glucose 
levels, postprandial 
glucose levels and 
frequency of 
hypoglycemia, and 
insulin dose 
 
Secondary: 
Not reported 
 

Primary: 
There was no significant difference in HbA1c reduction 
between the 2 treatment groups (P>0.648). 
 
Preprandial glucose levels did not differ significantly between 
the 2 treatment groups for any meal (P≥0.066) or at bedtime 
(P>0.404). 
 
Postprandial glucose was significantly lower with insulin 
lispro compared to regular human insulin for the morning 
meal (8.6 vs 9.8 mmol/L; P<0.001) and the evening meal (8.6 
vs 9.6 mmol/L; P<0.005) for type 1 diabetics. No significant 
difference was noted in the noon meal. 
 
Postprandial glucose was significantly lower with insulin 
lispro compared to regular human insulin in the morning meal 
only in type 2 diabetics (9.5 vs 10.4 mmol/L; P<0.001). 
 
There was no significant difference in hypoglycemic events 
between the 2 treatment groups (P=0.677 for type 1 diabetics 
and P=0.419 for type 2 diabetics). 
 
Endpoint insulin dose was significantly higher with insulin 
lispro compared to regular human insulin in type 1 diabetics 
albeit the difference was small (0.63 vs 0.60 U/kg; P=0.015). 
There were no significant differences in insulin doses in type 
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2 diabetics.  
 
Secondary: 
Not reported 

Anderson Jr. et al50  
 
Insulin lispro before each 
meal along with a basal 
insulin formulation 
 
vs 
 
REG before each meal 
along with a basal insulin 
formulation 

MC, OL, RCT 
 
Patients with T1DM and 
T2DM previously treated 
with regular human 
insulin, baseline HbA1c 
8.2% for both groups in 
patients with type 1 
diabetes and baseline 
HbA1c 8.9% for regular 
human insulin and 8.7% 
for insulin aspart  
 
Patients were excluded if 
they had any severe 
concomitant disease, 
current use of oral 
hypoglycemic agents or 
insulin infusion devices.  

N=631 
 

12 months 

Primary: 
Effect on HbA1c, 
postprandial rise in 
serum glucose, 
frequency of 
hypoglycemia, and 
insulin dose 
 
Secondary: 
Not reported  

Primary: 
HbA1c was significantly lower with insulin lispro compared to 
regular human insulin in type 1 diabetics (8.1% vs 8.3%; 
P<0.05). There was no difference in HbA1c between treatment 
groups for type 2 diabetics.  
 
Postprandial (2-hour) serum glucose rise was significantly 
reduced with insulin lispro compared to regular human insulin 
in type 1 diabetics (64%; P=0.007) and type 2 diabetics (48%; 
P=0.004). 
 
There was no difference in rates of hypoglycemia between the 
two treatment groups.  
 
There was a small, but significant reduction in premeal insulin 
dose in the insulin lispro group (–0.03 U/kg; P=0.004) but a 
small and significant increase in the basal insulin dose (+0.05 
U/kg; P<0.001) in type 1 diabetics. There were no dose 
changes in the regular human insulin group.  
 
For type 2 diabetics, the daily dose increase of insulin was 
comparable between the treatment groups.  
 
Secondary: 
Not reported 

Plank et al51 

 
Short-acting insulin 
analogs (insulin lispro 
and/or insulin aspart) 
 
vs 
 
REG 
 

MA 
 
Analysis of 42 
randomized trials that 
compared short-acting 
insulin analogs vs regular 
insulin in the treatment of 
T1DM and T2DM 
patients 
 

N=7,933 
 

Duration 
varied 

Primary: 
Effect on HbA1c and 
number of 
hypoglycemic 
episodes 
 
Secondary: 
Quality of life, 
pregnancy 
outcomes, and 

Primary: 
A small but significant difference in HbA1c was observed with 
short-acting insulin analogs compared to regular insulin in 
T1DM (–0.12%; 95% CI, –0.17% to –0.07%). 
 
No significant differences in HbA1c were observed with short-
acting insulin analogs compared to regular insulin in patients 
with T2DM (–0.02%; 95% CI, –0.10% to 0.07%). 
 
No significant differences in hypoglycemic rates were 
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Studies were excluded if 
the duration was <4 
weeks, the interventions 
were not comparable, 
duplicate publications of 
a multicenter study, or 
reporting data of only 1 
study period.  

adverse events observed with short-acting insulin analogs compared to 
regular insulin in type 1 diabetic patients (–0.05 
episodes/patient/month; 95% CI, –0.22 to 0.11). 
 
No significant differences in hypoglycemic rates were 
observed with short-acting insulin analogs compared to 
regular insulin in patients with T2DM (–0.04 
episodes/patient/month; 95% CI, –0.12 to 0.04). 
 
Secondary: 
Quality of life reported in T1DM favored short-acting insulin 
analogs in 4 studies and found no difference in 3 studies. No 
significant difference in quality of life was reported in studies 
with type 2 diabetics (2 studies total). 
 
There were no significant differences in maternal or fetal 
outcomes between the two insulin groups.  
 
Comparable incidence and type of adverse events were 
reported for both insulin groups.  

Siebenhofer et al52 

 
Rapid-acting insulin analogs 
(insulin lispro, insulin aspart, 
insulin glulisine) 
 
vs 
 
REG 
 
 

MA 
 
Analysis of 49 randomized 
trials that compared rapid-
acting insulin analogs to 
REG in patients with 
T1DM and T2DM 
 
Studies were excluded if 
there was no comparable 
interventions, non-
randomized trial design, 
part and duplicate 
publication of a 
multicentre trial 
comprising no additional 
information according to 
predefined endpoint, and 
intervention duration <1 

N=8,274 
 

Duration 
varied  

Primary: 
HbA1c, hypoglycemia 
 
Secondary: 
Adverse events 

Primary: 
In patients with T1DM, the weighted mean difference in HbA1c 
was estimated to be –0.1% (95% CI, –0.2 to –0.1; P=0.01) in 
favor of insulin analog compared to REG. In the subgroup 
analyses, results were divided into patients taking continuous 
subcutaneous insulin injections and patients taking conventional 
intensified insulin therapy. Patients taking continuous 
subcutaneous insulin therapy compared to REG, the weighted 
mean difference in HbA1c was –0.2 (95% CI, –0.3 to –0.1; P 
value not reported) and in patients taking intensified insulin 
therapy compared to REG, the weighted mean difference was –
0.1% (95% CI, –0.1 to 0.0; P value not reported). 
 
In patients with T2DM, the weighted mean difference of HbA1c 
was estimated to be 0.0% (95% CI, –0.1 to 0.0). None of the 
studies evaluating differences in HbA1c between insulin analogs 
and REG showed significant differences (P values not 
reported). 
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month. In children, adolescents, pregnant patients with T1DM, there 
were no significant reductions in HbA1c. P values were not 
reported. 
 
The weighted mean difference in overall hypoglycemia in 
patients with T1DM was –0.2 (95% CI, –1.1 to 0.7; P value not 
reported) for insulin analogs compared to REG. In patients with 
T2DM, the weighted mean difference was –0.2 (95% CI, –0.5 
to 0.1; P=0.8). There were also no significant differences in 
overall hypoglycemia in pre-pubertal children. There were no 
statistically significant differences in these 3 groups. However, 
in the event rate of overall hypoglycemia in adolescents per 
patient per 30 days was significantly reduced with insulin 
analogs compared to REG (P=0.02). The event rate in pregnant 
women was significantly higher with insulin analogs compared 
to REG (P<0.05). 
 
Secondary: 
Overall, frequency and type of adverse events were 
comparable for the two treatment groups (P values not 
reported). 

Short-Acting Insulin: Type 1 Diabetes Mellitus 
Norwood et al53 

 
Premeal inhaled insulin 
(INH) plus ultralente, 
NPH, or insulin glargine at 
bedtime 
 
vs 
 
insulin aspart/lispro or 
REG BID to TID, plus 
either ultralente or NPH, 
QD to BID, or insulin 
glargine at bedtime 
 
Note: Insulin doses were 
adjusted weekly to achieve 

OL, PG, RCT 
 
Patients with T1DM aged 
25-65 years, nonsmokers, 
with normal lung 
function, and who were 
receiving a subcutaneous 
insulin on a stable 
schedule 

N=226 
 

24 weeks 

Primary: 
Change in HbA1c 
from baseline, 
hypoglycemia 
 
Secondary: 
Not reported 

Primary: 
Decline in HbA1c was similar in both the INH group and 
injected insulin group throughout the study period. At 12 
weeks, mean adjusted changes in HbA1c were –0.43% and  
–0.45%, respectively (between treatment difference 0.02%; 
90% CI, –0.12 to 0.15). Similarly, at 24 weeks, mean adjusted 
changes from baseline were –0.38% and –0.48%, respectively 
(between treatment difference 0.10%; 90% CI,  
–0.09 to 0.28; P value not reported). 
 
The overall rate of hypoglycemia (events/subject-month) was 
similar in both the INH group and injected insulin group at 24 
weeks (RR, 1.09; 90% CI, 1.02 to 1.17; P value not reported). 
 
Secondary: 
Not reported 
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a mean fasting glycemic 
target of 80-140 mg/dL. 
Quattrin et al54 

 
Premeal INH plus 
ultralente insulin at 
bedtime 
 
vs 
 
NPH and REG before 
breakfast, REG before 
dinner, plus NPH either 
before dinner or at bedtime 
 
Note: Initial premeal INH 
dose was based on weight. 
Ultralente dose was based 
on glycemic control and 
previous NPH insulin 
requirements. Both INH 
and injected insulin were 
adjusted to achieve 
glycemic goals of 80-140 
mg/dL premeal and 100-
160 mg/dL at bedtime. 

MC, OL, PG, RCT 
 
Male and female patients 
aged 12-65 years with 
T1DM for at least 1 year, 
were on a regimen of ≥2 
insulin injections daily for 
at least 2 months prior to 
study entry, HbA1c 6%-
11%, fasting plasma C-
peptide ≥0.2 pmol/mL, 
BMI≤30 kg/m2, and 
compliant with SMBG 

N=334 
 

24 weeks 

Primary: 
Change in HbA1c 
from baseline at 24 
weeks 
 
Secondary: 
Changes in FPG and 
PPG following a 16 
ounce nutritional 
supplement, 
percentage of 
patients achieving 
HbA1c<7% at 24 
weeks, rates of 
hypoglycemia, body 
weight, fasting 
plasma lipids 

Primary: 
Both groups had similar HbA1c values of 8.1±1.0% at 
baseline. At 24 weeks, HbA1c levels were 7.9±1.1% in the 
INH group and 7.7±0.9% in the NPH/REG group (adjusted 
treatment group difference 0.16%; 95% CI, –0.01 to 0.32; P 
value not reported). 
 
Secondary: 
At 24 weeks, there was a greater reduction in FPG values in 
the INH group compared to the NPH/REG group (–35 mg/dL 
vs –10 mg/dL, respectively, adjusted treatment group 
difference –25 mg/dL; 95% CI, –43.39 to –6.95). PPG values 
also had a greater decrease in the INH group (–30 mg/dL vs 1 
mg/dL, respectively, adjusted treatment group difference –
30.28 mg/dL; 95% CI, –54.6 to –6.01; P value not reported). 
 
The percentages of patients achieving HbA1c<7% at 24 weeks 
were comparable for the INH and NPH/REG groups (15.9% 
and 15.5%, respectively; OR, 0.92; 95% CI, 0.40 to 2.10; P 
value not reported). 
 
The risk of overall hypoglycemia was lower in the INH group 
compared to the NPH/REG group (8.6 vs 9.0 events/subject-
month, respectively; RR, 0.96; 95% CI, 0.93 to 0.99; P value 
not reported). 
 
The INH group had a slightly lower increase in body weight 
from baseline of 0.9 kg than the NPH/REG group which had a 
1.5 kg increase. However, this difference in weight gain did 
not achieve statistical significance. 
 
The reported fasting lipid parameters for the INH group and 
NPH/REG group were as follows: total cholesterol, 1.0 and –
5.0 mg/dL, respectively; high density lipoprotein (HDL) 
cholesterol, –1.5 and 1.0 mg/dL; low density lipoprotein 
(LDL) cholesterol, 1.0 and –6.5 mg/dL; and triglycerides, 
12.0 and 1.0 mg/dL. 
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Skyler et al55 

 
Premeal INH plus NPH 
insulin BID 
 
vs 
 
premeal REG plus NPH 
insulin BID 
 
Note: Study did not report 
units of NPH insulin given 
or whether it was titrated 
to a goal glucose level. 

MC, OL, PG, RCT 
 
Men and women aged 12 
to 65 years with T1DM 
who were stable on an 
insulin regimen (≥2 
injections daily for at 
least 2 months), who had 
an HbA1c of 6%-11%, a 
BMI≤30 kg/m2 at 
screening, and who were 
willing to perform SMBG 

N=328 
 

24 weeks 

Primary: 
Change in HbA1c at 
24 weeks from 
baseline 
 
Secondary: 
Change in FPG and 
PPG at 24 weeks 
from baseline, 
percentage of 
subjects achieving 
HbA1c<7% at 24 
weeks, 
hypoglycemia 

Primary: 
HbA1c levels at 24 weeks were comparable between both INH 
and REG groups (7.7 vs 7.8, respectively; 95% CI, –0.34 to 
0.01; P value not reported). 
 
Secondary: 
The INH group had a decrease in FPG, whereas the REG 
group had a slight increase in FPG despite an increased 
bedtime dosage of NPH insulin (–35 mg/dL vs 4 mg/dL, 
respectively, adjusted treatment group difference, –39.53 
mg/dL; 95% CI, –57.50 to –21.56; P value not reported). 
 
The PPG concentration decreased by –21 mg/dL in the INH 
group and –14 mg/dL in the REG group (adjusted treatment 
group difference –6.78 mg/dL; 95% CI, –30.29 to 16.74; P 
value not reported). 
 
The percentage of patients achieving HbA1c<7% in the INH 
and REG groups were 23.3% and 22%, respectively (OR, 
1.53; 95% CI, 0.75 to 3.14; P value not reported). 
 
The overall rate of hypoglycemia (episodes/patient-month) 
was lower in the INH group than the REG group (9.3 vs 9.9 
respectively; RR, 0.94; 95% CI, 0.91 to 0.97). However, the 
incidence of severe hypoglycemia (episodes/100 patient-
months) was greater in the INH group than the REG group 
(6.5 vs 3.3, respectively; RR, 2.00; 95% CI, 1.28 to 3.12; P 
value not reported). 

Skyler et al56 

 
Premeal INH plus NPH 
insulin or ultralente SC QD 
or BID or insulin glargine 
SC QD 
 
vs 
 
SC insulin (REG, insulin 
lispro, or insulin aspart) plus 

Interim analysis, OL, PG, 
RCT 
 
Patients aged 18-65 years 
with T1DM, receiving 
stable insulin regimen for 
at least 2 months, 
BMI≤30 kg/m2, HbA1c 
5.5%-11%, fasting 
plasma C-peptide 
concentrations ≤0.2 

N=582 
 

2 years 

Primary: 
Annual rates of 
decline for forced 
expiratory volume in 1 
second (FEV1) and 
diffusing capacity of 
the lung for carbon 
monoxide (DLCO) 
 
Secondary: 
HbA1c, FPG, 

Primary: 
The mean ± SEM annual rates of change between months 0 and 
24 in FEV1 for the INH and SC insulin groups were –
0.051±0.005 and –0.034±0.005 L/year, respectively. The 
treatment difference of –0.017±0.007 L/year (90% CI, –0.028 to 
–0.005) in favor of SC insulin was significant. P value was not 
reported. 
 
The mean annual rate of change in DLCO was –0.437±0.073 
mL·min–1·mmHG–1·year–1 in the INH group and –0.287±0.065 
mL·min–1·mmHG–1·year–1 in the SC insulin group. The mean 
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NPH insulin or ultralente SC 
QD or BID or insulin 
glargine SC QD 
 
Initial INH doses were 
based on body weight and 
were titrated to target 
blood glucose goals of 80-
120 mg/dL before meals 
and 100-140 mg/dL at 
bedtime. 

pmol/mL hypoglycemia, body 
weight 

treatment group difference of –0.150±0.98 mL·min–1·mmHG–

1·year–1 (90% CI, –0.310 to +0.011) was not significant. 
 
Secondary: 
The change in HbA1c in the INH group and the SC insulin 
group was 7.4% and 7.5% at baseline to 7.5% and 7.3% at 
endpoint, respectively. The mean treatment group difference at 
24 months was 0.25±0.07% (90% CI, 0.13 to 0.37; P value not 
reported). 
 
Changes in FPG were consistently greater in patients taking 
INH than patients taking SC insulin (mean treatment difference 
at 2 years –17.11±6.60 mg/dL; 90% CI, –27.98 to –6.23; P 
value not reported). 
 
The overall incidence of hypoglycemia was similar in both the 
INH and SC insulin groups (4.0 and 3.8 events/subject-month, 
respectively). The incidence of severe hypoglycemia was 
significantly less with INH than SC insulin (2.8 vs 4.1 
events/subject-month; RR, 0.67; 90% CI, 0.57 to 0.79; P value 
not reported). 
 
There was significantly less weight gain with INH vs SC 
insulin (adjusted mean treatment group difference –1.25±0.36 
kg; 90% CI, –1.85 to –0.66; P value not reported). 

Short-Acting Insulin: Type 2 Diabetes Mellitus 
Hollander et al57 

 
Premeal INH plus 
ultralente insulin at 
bedtime 
 
vs 
 
mixed NPH/REG BID 
 
Note: Initial INH doses 
were based on body 
weight. Administration of 

CS, OL, PG, RCT 
 
Men and women aged 35-
80 years who were 
diagnosed with T2DM for 
at least 1 year, were on a 
stable subcutaneous 
insulin schedule of 2-3 
injections daily for at 
least 2 months prior to 
study entry, not receiving 
oral antidiabetic agents, 
has an HbA1c 6%-11%, 

N=298 
 

24 weeks 

Primary: 
Change in HbA1c 
from baseline at 24 
weeks 
 
Secondary: 
Percentage of 
patients achieving 
HbA1c<7% at 24 
weeks, change in 
FPG response and 
PPG following a 
standard meal 

Primary: 
At 24 weeks, change in mean HbA1c levels were comparable 
between the INH group and NPH/REG group (–0.7% vs –
0.6%, respectively; adjusted mean change –0.07%; 95% CI, –
0.32 to 0.17; P value not reported). 
 
Secondary: 
At 24 weeks, 47% of patients in the INH group compared to 
32% of patients in the NPH/REG group achieved HbA1c<7% 
(OR, 2.27; 95% CI, 1.24 to 4.14; P value not reported).  
 
There was a greater reduction in FPG in the INH group 
compared to the NPH/REG group (–20 mg/dl vs –9 mg/dL, 
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INH or injected insulin 
was adjusted weekly to 
achieve target premeal 
glucose levels of 80-140 
mg/dL.  

fasting plasma C-peptide 
>0.2 pmol/mL, a BMI 
≤35 kg/m2, and willing to 
perform SMBG 

consisting of 16 
ounces of a 
nutritional 
supplement (480 
kcal), hypoglycemic 
events, body weight, 
fasting plasma lipids 

respectively; adjusted mean changes –15.9 mg/dL; 95% CI, –
26.6 to –5.2). However, both groups had comparable PPG 
reductions (–23 mg/dL vs –21 mg/dL, respectively; adjusted 
mean changes –9.41 mg/dL; 95% CI, –26.9 to 8.0; P value not 
reported). 
 
The rate of hypoglycemia was comparable between groups. 
The INH group had a rate of 1.40 events/subject-month and 
the NPH/REG group had a rate of 1.57 events/subject-month 
(RR, 0.89; 95% CI, 0.82 to 0.97; P value not reported). 
 
Mean body weight remained stable at 90.5 kg in the INH 
group. However, there was an increase of 1.4 kg in the 
NPH/REG group (mean adjusted group difference –1.29 kg; 
95% CI, –1.98 to –0.59; P value not reported). 
 
No differences were seen in the serum lipid parameters 
between the two groups at 24 weeks. 

DeFronzo et al58 

 
Premeal INH plus diet and 
exercise regimen 
 
vs 
 
rosiglitazone 4 mg BID 
plus diet and exercise 
regimen 
 
Note: Diet of 30% fat and 
sufficient caloric intake to 
maintain ideal body 
weight, and 30 minutes of 
moderate-intensity 
exercise at least 3 days per 
week, were consistent with 
American Diabetes 
Association 
recommendations. This 

MC, OL, PG, RCT 
 
Male and female patients 
with a diagnosis of 
T2DM for at least 2 
months, aged 30-80 years, 
on a stable diet and 
exercise regimen for at 
least 2 months, with an 
HbA1c 8%-11%, not on 
any pharmacological 
therapy for diabetes, 
fasting plasma C-peptide 
≥0.2 pmol/mL, a BMI≤40 
kg/m2, and willingness to 
perform SMBG 

N=145 
 

12 weeks 

Primary: 
Percentage of 
patients achieving 
HbA1c<8% at 12 
weeks or time of 
discontinuation 
 
Secondary: 
Change in HbA1c, 
FPG, and PPG 
following a standard 
meal consisting of 
16 ounces of a 
nutritional 
supplement (480 
kcal) and most 
recent prebreakfast 
dose of INH, 
percentage of 
patients achieving 
HbA1c<7%, rates of 

Primary: 
The INH group had a significantly higher percentage of 
patients who achieved an HbA1c<8% compared to the 
rosiglitazone group (82.7% vs 58.2%, respectively; OR, 7.14; 
95% CI, 2.48 to 20.58; P=0.0003). 
 
Secondary: 
There was a greater absolute change in HbA1c at 12 weeks 
from baseline with the INH group compared to the 
rosiglitazone group (–2.3% vs –1.4%, adjusted treatment 
group difference –0.89%; 95% CI, –1.23 to –0.055; P value 
not reported). 
 
Both the INH group and the rosiglitazone group had 
comparable changes in FPG (–64 mg/dL vs –56 mg/dL, 
respectively; adjusted treatment group difference –4 mg/dL; 
95% CI, –18 to 9) and PPG (–92 mg/dL vs –92 mg/dL, 
respectively; adjusted treatment group difference 4 mg/dL; 
95% CI, –18 to 26) from baseline. P value was not reported. 
 
The INH group had a significantly higher percentage of 
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regimen was maintained 
throughout the study 
duration. 
 

hypoglycemia, body 
weight, fasting 
serum lipids at 12 
weeks from baseline 

patients achieving HbA1c<7% at study endpoint in comparison 
to the rosiglitazone group (44% vs 17.9%; OR, 4.43; 95% CI, 
1.94 to 10.12; P value not reported). 
 
Hypoglycemia (episodes/subject-month) occurred more 
frequently in the INH group compared to the rosiglitazone 
group (0.7 vs 0.05; RR, 14.72; 95% CI, 7.51 to 28.83). The 
highest frequency of hypoglycemic episodes with INH 
occurred during meal times. P value was not reported. 
 
The mean unadjusted changes in body weight from baseline 
were1.9 kg in the INH group and 0.8 kg in the rosiglitazone 
group (adjusted treatment group difference 0.95 kg; 95% CI, –
0.18 to 2.09; P value not reported). 
 
The change in serum triglyceride levels from baseline was 
greater in the INH group compared to the rosiglitazone group 
(–35 mg/dL vs ±0 mg/dL, respectively). Those treated with 
rosiglitazone had greater increases in total and LDL 
cholesterol levels (+10.5 mg/dL and +15 mg/dL, respectively) 
in comparison to the INH group (–2.0 mg/dL and +4.5 
mg/dL). However, both groups experienced similar increases 
in HDL cholesterol with a median change +4 mg/dL in the 
INH group and +3 mg/dL in the rosiglitazone group. P value 
was not reported. 

Weiss et al59 

 
Premeal INH as adjunct to 
usual OAD therapy 
 
vs 
 
usual OAD therapy 
 
Note: Initial INH doses 
were based on body weight 
and were titrated to 
achieve a target meal 
glucose response of a PPG 

MC, OL, PG, RCT 
 
Patients aged 35 to 65 
years with T2DM, an 
HbA1c 8.1%-11.9% 
despite treatment with a 
therapeutic dosage of 
sulfonylurea and/or 
metformin, a fasting 
plasma C-peptide of at 
least 0.6 ng/mL, body 
weight 100%-175% of 
ideal, and normal chest 
radiographic findings and 

N=69 
 

12 weeks 

Primary: 
Change in HbA1c 
from baseline at 12 
weeks 
 
Secondary: 
Change in FPG and 
PPG increment, 
change in fasting 
lipid profile, 
incidence and 
severity of 
hypoglycemic 
events, and body 

Primary: 
At 12 weeks, there was little change in HbA1c from baseline 
in the OAD group. However, there was a significantly greater 
decrease in HbA1c in the INH+OAD group (difference 
between adjusted mean changes –2.2 in favor of INH+OAD; 
95% CI, –2.7 to –1.7; P<0.001). 
 
Secondary: 
There was a greater decrease in FPG in the INH+OAD group 
vs the OAD group (difference between adjusted mean 
changes –60.69 mg/dL in favor of INH+OAD; 95% CI, –
80.64 to –40.73; P<0.001). Change in PPG also favored 
INH+OAD in comparison to OAD and approached statistical 
significance (difference between changes –16.22 mg/dL in 
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increment <60 mg/dL. pulmonary function weight favor of INH+OAD; 95% CI, –33.56 to 0.76; P=0.06). 
 
The INH+OAD group had significantly greater reductions in 
serum triglyceride levels compared to OAD (difference 
between adjusted mean changes –91.42 mg/dL in favor of 
INH+OAD; 95% CI, –166.4 to –16.4). However, the 
difference in serum cholesterol, LDL and HDL was not 
determined to be statistically significant between groups. P 
value was not reported. 
 
The incidence of hypoglycemia (events/subject-month) was 
0.64 for the INH+OAD group and 0.06 for the OAD group 
(RR, 10.7; 95% CI, 4.6 to 24.8; P<0.001). 
 
The INH+OAD group had greater weight gain than those in 
the OAD group (difference between adjusted mean changes 
2.5 kg; 95% CI, 1.3 to 3.7; P<0.001). 

Barnett et al60 

 
Premeal INH as adjunct to 
metformin 
 
vs 
 
glibenclamide 5 mg by 
mouth (PO) QD as adjunct 
to metformin 
 
Note: Initial INH doses 
were based on weight and 
degree of glycemic 
control. Dose was adjusted 
weekly to achieve FPG 
target of 80-140 mg/dL. 
Starting dose of 
glibenclamide was 2.5 mg 
PO QD and was titrated to 
5 mg PO QD.  

CS, MC, OL, PG, RCT 
 
Patients aged 35-80 years 
with T2DM for at least 6 
months and HbA1c 8%-
12% for a minimum of 2 
months prior to screening 
and pulmonary function 
tests within following 
ranges: carbon monoxide 
transfer factor ≥75%, 
total lung capacity 80%-
120% inclusive, and 
FEV1≥70% of predicted 

N=476 
 

24 weeks 

Primary: 
Change in HbA1c 
from baseline to 
week 24 
 
Secondary: 
Percentage of 
patients achieving 
HbA1 <7% and <8% 
at 24 weeks, 
incidence and 
severity of 
hypoglycemic 
events, change in 
FPG and PPG, 
change in fasting 
lipid profile, and 
body weight 

Primary: 
Mean adjusted changes from baseline in the combined HbA1c 
arms were –2.03% and –1.88% in the INH and glibenclamide 
groups, respectively (mean adjusted difference –0.17%; 95% 
CI, –0.34 to 0.01; P=0.058) indicating no significant 
difference between groups. 
 
However, there was a treatment difference between groups 
when analyses were performed for each stratified HbA1c 
group. INH demonstrated greater improved glycemic control 
in the HbA1c>9.5% group (between treatment difference –
0.37%; 95% CI, –0.62 to –0.12; P=0.004). On the other hand, 
INH demonstrated comparable effects to glibenclamide in 
patients with HbA1c≤9.5% (between treatment difference 
0.04%; 95% CI, –0.19 to 0.27; P=0.733). 
 
Secondary: 
In the combined HbA1c arms, there was no difference in the 
number of patients achieving HbA1c<7% and <8%. However, 
in the HbA1c>9.5% stratified arm, INH resulted in a greater 
number of patients achieving HbA1c<7% (OR, 2.54; 95% CI, 
1.27 to 5.08) and <8% (OR, 1.91; 95% CI, 1.02 to 3.55) than 
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those in the glibenclamide group. P values were not reported. 
 
In the combined treatment arms, there was no difference in 
the number of hypoglycemic events between both groups. The 
rate of overall hypoglycemia (events/subject-month) for INH 
compared to glibenclamide was 0.18 vs 0.08, respectively 
(RR, 2.24; 95% CI, 1.58 to 3.16). There were no severe events 
or discontinuations due to hypoglycemia in both groups. P 
values were not reported. 
 
There were no differences between treatment groups in 
regards to FPG, PPG, and fasting lipid profile. P values were 
not reported. 
 
The increase in body weight was similar between INH and 
glibenclamide, 2.4 and 2.0 kg, respectively (between 
treatment difference 0.32; 95% CI, –0.34 to 0.97). Both 
groups showed rapid weight gain in the first 10 weeks 
followed by a more gradual increase. P value was not 
reported. 

Barnett et al61 

 
Premeal INH as adjunct to 
sulfonylurea 
 
vs 
 
metformin 1 g PO BID as 
adjunct to sulfonylurea 
 
Note: Initial INH doses 
were based on weight and 
degree of glycemic 
control. Dose was adjusted 
weekly to achieve FPG 
target of 80-140 mg/dL. 
Starting dose of metformin 
was 500 mg PO QD and 
was titrated to 1 g PO BID. 

CS, MC, OL, PG, RCT 
 
Patients aged 35-80 years 
with T2DM for at least 6 
months and HbA1c 8%-
12% despite maximal 
doses of sulfonylurea as 
monotherapy for a 
minimum of 2 months 
prior to screening and 
pulmonary function tests 
within following ranges: 
carbon monoxide transfer 
factor ≥75%, total lung 
capacity 80%-120% 
inclusive, and FEV1≥70% 
of predicted 

N=427 
 

24 weeks 

Primary: 
Change in HbA1c 
from baseline at 24 
weeks 
 
Secondary: 
Percentage of 
patients achieving 
HbA1c≤7% and ≤8% 
at 24 weeks, 
incidence and 
severity of 
hypoglycemic 
events, change in 
FPG and PPG, 
change in fasting 
lipid profile, and 
body weight 

Primary: 
Patients were stratified to HbA1c>9.5% and ≤9.5%. In the 
HbA1c>9.5% arm, mean adjusted change from baseline was –
2.17% and –1.79% for the INH group and metformin group, 
respectively (between treatment difference –0.38%; 95% CI, –
0.63 to –0.14; P=0.002). In the combined HbA1c arms, INH 
also demonstrated greater decrease in HbA1c from baseline 
(between treatment difference –0.22%; 95% CI, –0.40 to –
0.05; P=0.014). 
 
Secondary: 
At 24 weeks, the INH group had a greater percentage of 
patients achieving both HbA1c<7% and <8% in all stratified 
arms and in the combined arms. The results for INH and 
metformin in the combined HbA1c arms for <7% were 25.2% 
vs 23%, respectively (difference between adjusted mean 
change 1.15; 95% CI, 0.72 to 1.84) and <8% were 64% vs 
58.2%, respectively (difference between adjusted mean 
change 1.29; 95% CI, 0.84 to 1.99; P value not reported). 



 
 

223 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

 
The rates of overall hypoglycemia (events/subject-month) for 
INH in comparison to metformin were 0.31 vs 0.17, 
respectively (RR, 1.83; 95% CI, 1.56 to 2.22). There were no 
discontinuations due to hypoglycemia in either treatment 
group. P value was not reported. 
 
Change in FPG and PPG were comparable between groups. P 
values were not reported. 
 
Fasting lipid values did not differ within HbA1c treatment 
arms. Therefore, the results were reported for the combined 
arms. The metformin group resulted in greater reductions in 
total and LDL cholesterol than the INH group (difference 
between adjusted mean change 0.17; 95% CI, 0.03 to 0.31 and 
0.15; 95% CI, 0.02 to 0.27, respectively). Changes in 
triglycerides and HDL cholesterol did not differ between 
treatment groups. P values were not reported. 
 
There was a greater weight gain with INH than with 
metformin, 3 kg vs 0.1 kg, respectively (difference between 
adjusted mean changes 3.14; 95% CI, 2.56 to 3.71). Weight 
changes became stabilized toward the end of the treatment 
period. P values were not reported. 

Intermediate- and Long-Acting Insulins: Type 1 Diabetes Mellitus 
Vague et al62 

 
Insulin detemir BID in 
addition to mealtime 
insulin aspart 
 
vs 
 
NPH BID in addition to 
mealtime insulin aspart 
 
 
Basal insulin doses were 
adjusted to achieve FBG of 

MC, OL, PG, RCT 
 
Adult T1DM patients on 
a basal-bolus insulin 
regimen for ≥2 months; 
baseline HbA1c 8.18% for 
participants in the insulin 
detemir group and 8.11% 
for those randomized into 
the NPH group 
 
Patients were excluded if 
they were pregnant or 
breastfeeding, had a total 

N=448 
 

26 weeks 

Primary: 
Effect on HbA1c, 
FPG, variability in 
fasting SMBG, 
weight gain, and 
frequency of 
hypoglycemia 
 
Secondary: 
Not reported 
 

Primary: 
After 6 months, both insulin detemir and NPH reduced HbA1c 
0.55% (P=NS).  
 
After 6 months, FPG with insulin detemir (9.19 mmol/L) was 
comparable to NPH (9.94 mmol/L; P=0.097). 
  
There was significantly less day-to-day fluctuation of fasting 
SMBG profiles with insulin detemir when compared to NPH 
(P<0.001). 
 
Body weight change from baseline was significantly lower 
with insulin detemir (–0.2 kg) compared to NPH (+0.7 kg; 
P<0.001).  
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4.0-7.0 mmol/L (72-126 
mg/dL) and postprandial 
(90 minutes after a meal) 
blood glucose of <10 
mmol/L (180 mg/dL). 

daily basal insulin 
requirement of >100 IU, 
had a BMI of >35 kg/m2, 
had proliferative 
retinopathy, impaired 
hepatic or renal function, 
severe cardiac problems, 
uncontrolled 
hypertension, recurrent 
major hypoglycemic 
episodes, or had an 
allergy to insulin. 

 
The relative risk of hypoglycemia was 22% lower with insulin 
detemir compared to NPH (P<0.05). The relative risk of 
nocturnal hypoglycemia was 34% lower with insulin detemir 
compared to NPH (P<0.005). 
 
Secondary: 
Not reported 
 

Hermansen et al63 

 
Insulin detemir BID in 
addition to mealtime 
insulin aspart 
 
vs 
 
NPH BID in addition to 
mealtime regular human 
insulin  
 

OL, RCT 
 
Adult T1DM patients on 
a basal-bolus insulin 
regimen for ≥6 months, 
baseline HbA1c 8.48% for 
participants in the insulin 
detemir group and 8.29% 
for those randomized into 
the NPH group 
 
Patients were excluded if 
they were pregnant or 
breastfeeding, had 
proliferative retinopathy, 
impaired hepatic or renal 
function, severe cardiac 
problems, uncontrolled 
hypertension, recurrent 
major hypoglycemic 
episodes, history of 
alcohol or narcotic abuse, 
or had an allergy to 
insulin. 

N=595 
 

18 weeks 

Primary: 
Effect on HbA1c, 
FPG, SMBG profile, 
weight gain, and 
frequency of 
hypoglycemia 
 
Secondary: 
Not reported 
 

Primary: 
After 18 weeks, HbA1c was significantly lower in the insulin 
detemir group (7.88%) compared to NPH (8.11%; P<0.001).  
 
After 18 weeks, there was no significant difference in FPG 
with insulin detemir (7.58 mmol/L) compared to NPH (8.10 
mmol/L; P>0.05). 
  
There was significantly less day-to-day fluctuation of SMBG 
profiles with insulin detemir when compared to NPH 
(P<0.05). 
 
Body weight change from baseline was significantly lower 
with insulin detemir (–0.95 kg) compared to NPH (+0.07 kg; 
P<0.001).  
 
The risk of hypoglycemia was 21% lower with insulin detemir 
compared to NPH (P=0.036). The risk of nocturnal 
hypoglycemia was 55% lower with insulin detemir compared 
to NPH (P<0.001). 
 
Secondary: 
Not reported 

Home et al64 

 
Insulin detemir every AM 

MC, OL, PG, RCT 
 
Men and women aged 

N=409 
 

16 weeks 

Primary: 
Change in HbA1c, 
change in FPG from 

Primary: 
At 16 weeks, there was no significant difference in HbA1c 
between all treatment groups (P=0.082). Insulin detemir 
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(QAM) and at bedtime 
plus premeal insulin aspart 
 
vs 
 
insulin detemir every 12 
hours (Q12H) plus premeal 
insulin aspart 
 
vs 
 
NPH BID plus premeal 
insulin aspart 
 
 
Note: Initial basal insulin 
dose was 70% of basal 
insulin dose at trial entry. 
Doses were titrated to 
achieve target FPG goals 
of 4.0-7.0 mmol/L and 
PPG goals of ≤10 mmol/L. 

>18 years with T1DM for 
>1 year already on 
mealtime plus basal 
insulin for >2 months, 
with a basal dose of <100 
IU/day, HbA1c ≤12%, 
BMI ≤35.5 kg/m2 
 

baseline 
 
Secondary: 
10-point SMBG, 
frequency of 
hypoglycemia, 
weight gain 

Q12H had a reduction in HbA1c of 0.85%. When dosed QAM 
and at bedtime, HbA1c was reduced by 0.82%, where as, NPH 
only reduced HbA1c by 0.65%. In combination, both detemir 
groups resulted in significantly greater reductions in HbA1c 
than NPH (difference of –0.18%; 95% CI, –0.34 to –0.02; 
P=0.027). 
 
FPG levels were statistically significantly lower in both the 
detemir Q12H (P=0.004) and detemir QAM and at bedtime 
group (P<0.001) than the NPH group. Differences between 
the detemir groups did not result in statistical significance. 
 
Secondary: 
Overall 10-point SMBG profiles were comparable between 
the 3 treatment groups (P>0.05). 
 
The overall risk of hypoglycemia was significantly lower with 
insulin detemir Q12H (25%; P=0.046) and insulin detemir 
QAM and at bedtime (32%; P=0.002) compared to NPH. 
There were no significant differences in risk of nocturnal 
hypoglycemia between insulin detemir Q12H and NPH. 
However, when dosed QAM and at bedtime, insulin detemir 
had a significantly lower risk of nocturnal hypoglycemia than 
NPH (53%; P<0.001). 
 
Mean weight change was significantly decreased with insulin 
detemir Q12H (–0.8 kg; P=0.006) and insulin detemir QAM 
and at bedtime (–0.6 kg; P=0.040) when compared to NPH. 
However, there was no significant difference in weight 
change between the insulin detemir groups (P>0.05). 

Russell-Jones et al65  
 
Insulin detemir at bedtime 
plus REG with main meals 
 
vs 
 
NPH at bedtime plus REG 
with main meals 

MC, OL, PG, RCT 
 
Men and women aged 
≥18 years with T1DM for 
≥1 year already on basal 
or premixed insulin QD 
in the PM (5 PM – 11 
PM) and REG before 
meals for ≥2 months and 

N=749 
 

6 months 

Primary: 
Change in HbA1c 
from baseline, 
change in FPG and 
fasting SMBG, 9-
point SMBG profile, 
24-hour continuous 
blood glucose 
monitoring, 

Primary: 
Mean HbA1c value decreased by 0.06% with insulin detemir 
while HbA1c increased by 0.06% with NPH. However, the 
baseline-adjusted mean HbA1c values did not significantly 
differ between groups (–0.12%; 95% CI, –0.25 to 0.02; 
P=0.083). 
 
Both FPG and fasting SMBG decreased similarly in the 
insulin detemir group and were slightly decreased with NPH. 
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Note: The starting dose for 
patients switching to 
insulin detemir was 50% 
of usual pretrial dose 
whereas the initial dose of 
NPH was the same as 
pretrial dose. Doses were 
titrated to achieve target 
FPG goal of 72-126 mg/dL 
and PPG goal of 180 
mg/dL. 
 

HbA1c≤12% 
 

hypoglycemia, body 
weight 
 
Secondary: 
Not reported 
 

Both endpoints resulted in significant reductions with insulin 
detemir in comparison to NPH (P=0.001 and P<0.001, 
respectively). 
 
Nine-point SMBG profiles demonstrated significantly lower 
glucose values before breakfast with insulin detemir when 
compared to NPH (P<0.001). 
 
In study participants that underwent 24-hour continuous blood 
glucose monitoring, insulin detemir had significantly less 
blood glucose fluctuations for mean levels nocturnally and 
over 24 hours (P<0.05). 
 
Overall rates of hypoglycemia were comparable between 
treatment groups. However, the relative risk of nocturnal 
hypoglycemia was 26% lower with insulin detemir compared 
to NPH (P=0.003). There was also a 30% risk reduction of 
minor hypoglycemic episodes during the night with insulin 
detemir (P=0.003). 
 
Body weight gain was significantly lower with insulin detemir 
compared to NPH (–0.54 kg; P=0.024). 
 
Secondary: 
Not reported  

Standl et al66 

 
Insulin detemir BID in 
addition to mealtime 
regular human insulin  
 
vs 
 
NPH BID in addition to 
mealtime regular human 
insulin 
 
Basal insulin doses were 
adjusted to achieve FPG of 

ES, MC, OL, PG, RCT 
 
Adult patients with 
T1DM on a basal-bolus 
insulin regimen for ≥2 
months, baseline HbA1c 
7.72% for participants 
taking insulin detemir and 
7.66% for those 
randomized into the NPH 
group 
 
Patients were excluded if 
they were pregnant or 

N=421  
(N=289 in 

the 6-month 
extension 

trial) 
 

12 months  
(6-month 
treatment 

period and 6-
month 

extension 
trial) 

Primary: 
Effect on HbA1c, 
FPG, 9-point SMBG 
profile, weight gain, 
and frequency of 
hypoglycemia 
 
Secondary: 
Not reported 
 

Primary: 
After 12 months, HbA1c was comparable between the insulin 
detemir group (7.88%) compared to NPH (7.78%; P=0.288).  
 
After 12 months, there was no significant difference in FPG 
with insulin detemir (10.1 mmol/L) compared to NPH (9.84 
mmol/L; P=0.665). 
  
Mean 9-point SMBG profiles showed significantly lower 
blood glucose 90-minutes after lunch and dinner (P<0.05). 
There were no significant differences at other times in the 
profile.  
 
After 12 months, body weight change from baseline was 
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4.0-7.0 mmol/L (72-126 
mg/dL) and postprandial 
blood glucose of <10 
mmol/L (180 mg/dL). 

breastfeeding, had 
proliferative retinopathy, 
impaired hepatic or renal 
function, severe cardiac 
disease, uncontrolled 
hypertension, recurrent 
major hypoglycemic 
episodes, or had an 
allergy to insulin. 
 

significantly lower with insulin detemir (–1.44 kg) compared 
to NPH (+0.3 kg; P<0. 001).  
 
There was no significant difference in the overall risk of 
hypoglycemia between insulin detemir compared to NPH 
(P=0.139). There was no significant difference in the risk of 
nocturnal hypoglycemia between insulin detemir and NPH 
(P=0.067). 
 
Secondary: 
Not reported 

De Leeuw et al67 
 
Insulin detemir BID in 
addition to mealtime 
insulin aspart 
 
vs 
 
NPH BID in addition to 
mealtime insulin aspart 
 
 
Basal insulin doses were 
adjusted to achieve FBG of 
4.0-7.0 mmol/L (72-126 
mg/dL) and postprandial 
(90 minutes after a meal) 
blood glucose of <10 
mmol/L (180 mg/dL). 

ES, MC, OL, PG, RCT 
 
Adult T1DM patients on 
a basal-bolus insulin 
regimen for ≥2 months, 
baseline HbA1c 8.18% for 
participants in the insulin 
detemir group and 8.03% 
for those randomized into 
the NPH group 
 
Patients were excluded if 
they had proliferative 
retinopathy, impaired 
hepatic or renal function, 
severe cardiac problems, 
uncontrolled 
hypertension, recurrent 
major hypoglycemic 
episodes, or had an 
allergy to insulin. 

N=316 
 

12 months 
(6-month 
treatment 

period and 6-
month 

extension 
period) 

Primary: 
Effect on HbA1c, 
FPG, 9-point 
SMBG, frequency of 
hypoglycemia, and 
weight gain 
 
Secondary: 
Not reported 
 

Primary: 
Similar reductions in mean HbA1c values were observed in 
both treatment groups. After 12 months, insulin detemir 
reduced HbA1c 0.64% and NPH reduced HbA1c 0.56%; P 
value was not reported.  
 
After 12 months, FPG with insulin detemir (10.7 mmol/L) 
was comparable to NPH (10.8 mmol/L; P value not reported). 
 
Nine-point SMBG profiles were comparable between insulin 
detemir when compared to NPH (value not reported; P<0.24). 
 
There were no significant differences in overall rates of 
hypoglycemia between treatment groups. The relative risk of 
nocturnal hypoglycemia was 32% lower with insulin detemir 
when compared to NPH (P=0.016). 
 
After 12 months, body weight gain was significantly lower 
with insulin detemir compared to NPH (–1.34 kg; P<0.001).  
 
Secondary: 
Not reported 

Pieber et al68 

 
Insulin detemir AM and 
dinner in addition to 
mealtime insulin aspart 
 

MC, OL, PG, RCT 
 
Adult T1DM patients on 
a basal-bolus insulin 
regimen for ≥2 months; 
baseline HbA1c 8.01% for 

N=400 
 

16 weeks 

Primary: 
Effect on HbA1c and 
FPG  
 
Secondary: 
Variability in fasting 

Primary: 
HbA1c was significantly reduced in all three treatment groups. 
Insulin detemir dosed AM and at dinner reduced HbA1c 
0.43%. When dosed AM and at bedtime, HbA1c was reduced 
0.49%. NPH reduced HbA1c 0.39%. There was no significant 
difference between the treatment groups (P=0.64). 
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vs 
 
insulin detemir AM and 
bedtime in addition to 
mealtime insulin aspart 
 
vs 
 
NPH AM and bedtime in 
addition to mealtime 
insulin aspart 
 
 
Basal insulin doses were 
adjusted to achieve FBG of 
4.0-7.0 mmol/L (72-126 
mg/dL) and postprandial 
blood glucose of <10 
mmol/L (180 mg/dL). 

participants taking insulin 
detemir QAM and at 
dinner, 8.13% for those 
taking insulin detemir 
QAM and at bedtime, and 
8.08% for those 
randomized into the NPH 
group  
 
Patients were excluded if 
they were pregnant or 
breastfeeding, had a 
significant medical 
disorder (not specified), 
had a history of recurrent 
major hypoglycemic or 
hypoglycemia 
unawareness, or were on 
medications that 
interfered with glucose 
metabolism. 

SMBG, 10-point 
SMBG, 24-hour 
glucose profile, 
frequency of 
hypoglycemia, and 
weight gain 

 
FPG reductions were significantly greater with insulin detemir 
dosed AM and dinner (–0.17 mmol/L; P<0.001) and insulin 
detemir dosed AM and bedtime (–1.48 mmol/L; P<0.006) 
when compared to NPH (+0.49 mmol/L). There was no 
significant difference in FPG between the insulin detemir 
groups (P=0.15). 
 
Secondary: 
Within-person variation in fasting SMBG was significantly 
lower with either insulin detemir treatments compared to NPH 
(P<0.001). There was no significant difference in fasting 
SMBG between the insulin detemir groups (P=0.48). 
 
Overall 10-point SMBG profiles were comparable between 
the 3 treatment groups (P=0.103). 
 
24-hour glucose profiles demonstrated lower glucose 
fluctuations with both insulin detemir treatments compared to 
NPH (P=0.049).  
 
Overall and nocturnal rates of hypoglycemia were comparable 
between all treatment groups.  
 
Mean weight changes were significantly different with 
detemir dosed AM and dinner (–0.6 kg; P<0.001) and insulin 
detemir dosed AM and bedtime (+0.1 kg; P=0.050) when 
compared to NPH (+0.7 kg). 

Kølendorf et al69 

 
Insulin detemir BID for 16 
weeks then NPH BID for 
16 weeks. Insulin aspart 
was administered at each 
meal. 
 
 
vs 
 

OL, RCT, XO 
 
Adult T1DM patients on 
a basal-bolus insulin 
regimen for >4 months, 
baseline HbA1c 7.9% for 
participants receiving 
insulin detemir first and 
7.9% for those receiving 
NPH first 
 

N=130 
 

32 weeks 

Primary: 
Incidence of self-
recorded 
hypoglycemia 
 
Secondary: 
Incidence of severe 
hypoglycemic 
episodes, effect on 
HbA1c and SMPG 
 

Primary: 
The relative risk of hypoglycemia was 18% lower with insulin 
detemir compared to NPH (P=0.001). The relative risk of 
nocturnal hypoglycemia was 50% lower with insulin detemir 
compared to NPH (P<0.0001). 
 
Secondary: 
There were 19 severe hypoglycemic episodes with insulin 
detemir and 33 episodes with NPH; however, due to the low 
number of episodes an analysis could not be conducted.  
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NPH BID for 16 weeks 
then NPH BID for 16 
weeks. Insulin aspart was 
administered at each meal.  

Patients were excluded if 
they were pregnant or 
breastfeeding, had a 
history of significant 
medical disorders, 
recurrent hypoglycemia, 
or had an allergy to 
insulin. 

HbA1c was reduced by approximately 0.3% in both treatment 
arms. P value was not reported.  
 
There was significantly less day-to-day fluctuation of SMPG 
profiles with insulin detemir when compared to NPH 
(P<0.001). 

Robertson et al70 

 
Insulin detemir once 
(bedtime) or twice daily 
(morning and bedtime) 
plus premeal insulin aspart 
 
vs 
 
NPH insulin once or twice 
daily plus premeal insulin 
aspart 
 
Note: frequency of daily 
injections (once or twice 
daily) was determined 
according to prestudy 
insulin regimen. 
 
Insulin aspart was 
optimized for each patient, 
aiming for a postprandial 
(90 minutes after a meal) 
plasma glucose level of 
121-182 mg/dL. Units 
given were not reported. 

OL, PG, RCT  
 
Children aged 6 to 17 
years with T1DM, treated 
with insulin for at least 12 
months (total daily dose 
≤2.0 U/kg), and 
HbA1c≤12% 

N=347 
 

26 weeks 

Primary: 
HbA1c and 8-point 
plasma glucose 
profiles assessed at 
18 and 26 weeks, 
self-measured FPG 
on 4 days after 18 
and 26 weeks 
 
Secondary: 
Hypoglycemia 

Primary: 
HbA1c at 26 weeks decreased by approximately 0.8% in both 
the insulin detemir and NPH insulin groups (8.0% vs 7.9%, 
respectively; 95% CI, –0.1 to 0.3; P value not reported). 
 
The mean 8-point plasma glucose profiles after 26 weeks 
were assumed parallel and did not have a statistically 
significant difference between insulin detemir and NPH 
insulin (P=0.302). Plasma glucose levels were lower with 
insulin detemir than NPH insulin at all time points except at 
03.00 hour. However, the analysis of self-measured nocturnal 
plasma glucose at 03.00 hour did not show a statistical 
difference between treatments (P=0.194). 
 
Mean self-measured FPG after 26 weeks was lower with 
insulin detemir than with NPH insulin (P=0.022). Within-
subject FPG variation also showed lower FPG levels with 
insulin detemir than NPH insulin (P<0.001). 
 
Secondary: 
The study determined that the risk of having nocturnal 
hypoglycemia was 26% lower with insulin detemir (P=0.041). 
However, the risks of 24-hour and diurnal hypoglycemia were 
similar in both groups (P=0.351 and P=0.492, respectively). 
Also, the risks of having severe episodes, confirmed episodes 
or symptoms of hypoglycemia were similar in both groups 
(P=0.799, P=0.275, and P=0.425, respectively). 

Pieber et al71 

 
Insulin detemir in the AM 
and at HS plus premeal 

OL, PG, RCT 
 
Men and women aged 18 
years or older with T1DM 

N=322 
 

26 weeks 

Primary: 
Change in HbA1c, 
change in FPG, 
hypoglycemia 

Primary: 
At 26 weeks, both groups had comparable changes in HbA1c 
(between-treatment difference –0.030; 95% CI, –0.25 to 0.19; 
P value not reported). 



 
 

230 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

insulin aspart 
 
vs 
 
insulin glargine at bedtime 
plus premeal insulin aspart 
 
Note: Insulin detemir was 
initiated with a 30% 
reduction of the subjects’ 
previous basal regimen in 
both the morning and 
evening doses. Insulin 
glargine was also reduced 
by 20%-30%. Insulin 
doses were titrated to 
achieve a target of ≤7.3 
mmol/L for prebreakfast 
and pre-evening meal 
plasma glucose for insulin 
detemir and prebreakfast 
plasma glucose for insulin 
glargine. 

for at least 1 year who 
had a BMI ≤35 kg/m2 and 
HbA1c 7.5%-12% 

 
Secondary: 
Not reported 

 
However, insulin glargine resulted in significantly lower 
home measured FPG than insulin detemir (7.0 vs 7.7 mmol/L, 
respectively; P<0.001). 
 
The overall risk of hypoglycemia was comparable in both 
treatment groups (RR, 0.96; 95% CI, 0.68 to 1.35; P=0.811). 
However, insulin detemir resulted in lower rates of nocturnal 
hypoglycemia (episodes/subject-year) than with insulin 
glargine (4.3 vs 6.6, respectively; P<0.05). 
 
Secondary: 
Not reported 

Ratner et al72 

 
Insulin glargine QD at 
bedtime 
 
vs 
 
NPH insulin QD (at 
bedtime) or BID (every 
morning and at bedtime)  
 
Doses of both insulins 
were titrated to achieve 
preprandial blood glucose 
of 4.4-6.7 mmol/L. 

PG, RCT 
 
T1DM patients, baseline 
HbA1c 7.7% in both 
groups  
 
Patients were excluded if 
they had treatment with 
antidiabetic drugs other 
than insulin within 1 
month of study entry, 
were pregnant, had 
impaired hepatic function 
or impaired renal 
function. 
 

N=534 
 

28 weeks 

Primary: 
Effect on HbA1c, 
FBG, FPG, and 
incidence of 
hypoglycemia 
 
Secondary: 
Not reported  

Primary: 
Reduction in HbA1c was similar with NPH (–0.21%) and 
insulin glargine (–0.16%; P=0.4408). 
 
Reduction in FBG was similar with NPH (–0.94 mmol/L) and 
insulin glargine (–1.12 mmol/L; P=0.3546). 
 
Significant reduction in FPG was observed with insulin 
glargine compared to NPH (–1.67 vs –0.33 mmol/L; 
P=0.0145). 
 
After the 1 month titration phase, significantly less patients on 
insulin glargine reported symptomatic hypoglycemia (39.9 % 
vs 49.2%; P=0.0219) or nocturnal hypoglycemia (18.2% vs 
27.1%; P=0.0116).  
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Overall incidence of all symptomatic hypoglycemia was 
similar between treatment groups throughout the study. 
 
Secondary: 
Not reported 

Tan et al73 

 
Analysis was on data 6 
months prior to initiating 
insulin glargine therapy and 
data 6 months after initiating 
insulin glargine therapy. 
 
Patients were divided into 
those taking insulin 
glargine only and those 
taking insulin glargine plus 
NPH insulin in the AM. 

RETRO 
 
Patients aged ≤18 years 
with T1DM when 
initiating insulin glargine 
therapy between June 1, 
2001 and June 30, 2002, 
not using continuous 
subcutaneous insulin 
infusion or inhaled insulin 
before starting insulin 
glargine therapy 

N=71 
 

12 months 

Primary: 
Change in HbA1c, 
blood glucose 
concentrations, 
hypoglycemia 
(number of self-
reported symptomatic 
hypoglycemia and 
number of blood 
glucose readings <50 
mg/dL) 
 
Secondary: 
Not reported 

Primary: 
There was no difference in HbA1c between baseline and 6 
months after initiating insulin glargine therapy (8.9±1.6% and 
8.9±1.5%, respectively). In the divided groups, there was no 
statistical difference in the change in HbA1c between patients 
taking insulin glargine only vs patients taking insulin glargine 
plus NPH insulin. P value was not reported. 
 
Mean blood glucose concentrations decreased slightly after 
initiating insulin glargine in all subjects. Patients taking insulin 
glargine plus NPH insulin had slight improvements in average 
blood glucose levels, whereas patients taking insulin glargine 
only had a slight deterioration and a slight rise in average blood 
glucose levels. All changes were not statistically significant (P 
values not reported). 
 
There was a decrease in self-reported episodes of symptomatic 
hypoglycemia after initiating insulin glargine therapy. 
However, there was no difference between baseline and after 
starting insulin glargine therapy in the frequency of blood 
glucose values <50 mg/dL (P value not reported). 
 
Secondary: 
Not reported 

Ashwell et al74 

 
Insulin glargine at HS plus 
premeal insulin lispro 
 
vs 
 
NPH insulin QD or BID plus 
premeal unmodified human 
insulin 

Five-centre, MC, RCT, 
two-way, XO 
 
Patients aged 18-65 years 
with T1DM, no previous 
experience with insulin 
glargine, previously on a 
multiple insulin injection 
regimen for at least 1 year, 
random C-peptide ≤0.10 

N=56 
 

32 weeks 

Primary: 
HbA1c at treatment 
endpoints 
 
Secondary: 
Prebreakfast SMBG 
concentration, 24-hour 
8-point SMBG levels, 
24-hour inpatient 
plasma glucose levels, 

Primary: 
At 16 weeks, HbA1c was lower with insulin glargine compared 
to NPH insulin (between treatment difference –0.5; 95% CI, –
0.7 to –0.3; P<0.001). 
 
Secondary: 
Prebreakfast SMBG concentration was lower in the insulin 
glargine group than the NPH insulin group (between treatment 
difference –1.5; 95% CI, –2.6 to –0.5; P<0.005). 
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Doses were adjusted to 
achieve target pre-breakfast, 
preprandial, and postprandial 
levels of 4.0-6.5 mmol/L, in 
the absence of 
hypoglycemia. 

nmol/L, HbA1c 7.0%-9.5% 
 
Patients were crossed over 
to other insulin regimen 
after 16 weeks of therapy 
with initial randomized 
treatment regimen. 

monthly rate of 
hypoglycemia 

SMBG concentrations were lower before and after breakfast 
with insulin glargine compared to NPH insulin. The 24-hour 8-
point SMBG concentrations was also lower with insulin 
glargine (between treatment difference –1.9; 95% CI, –3.1 to –
0.8; P=0.001). 
 
During the inpatient assessment, 24-hour 8-point SMBG levels 
were lower at all points with insulin glargine compared to NPH 
insulin (P=0.037 for plasma glucose AUC; P=0.002 for PPG 
AUC; P=0.038 for plasma glucose before breakfast). 
 
Seventy-two percent of patients taking insulin glargine reported 
nocturnal hypoglycemia compared to 83% of patients taking 
NPH insulin. This resulted in a 44% reduction in the monthly 
rate of nocturnal hypoglycemia with insulin glargine compared 
to NPH insulin (P<0.001). 

Herwig et al75 

 
Insulin glargine SC QD plus 
premeal REG or insulin 
lispro 
 
vs 
 
NPH insulin SC QD to TID 
plus premeal REG or insulin 
lispro 
 
Doses of insulin glargine 
were titrated to achieve 
target FBG 4.4-7.8 
mmol/L and doses of NPH 
insulin were titrated to 
achieve target FBG 4.4-8.9 
mmol/L. 

OL 
 
Pediatric patients with 
T1DM for >1 year 
duration 

N=142 
 

20±10 
months 

Primary: 
HbA1c, hypoglycemia 
 
Secondary: 
Not reported 

Primary: 
HbA1c significantly increased from 7.3±1.0% to 7.6±1.1% 
(P=0.003) and from 7.7±1.6% to 8.3±1.5% (P=0.0001) in both 
the insulin glargine and NPH insulin groups. 
 
The incidence of symptomatic hypoglycemia was comparable 
between both treatment groups; however, the overall incidence 
of severe hypoglycemia was significantly lower in the insulin 
glargine group (P=0.002). 
 
Secondary: 
Not reported 

Kudva et al76 

 
Insulin glargine plus premeal 
insulin aspart 

RCT, XO 
 
Patients with median age of 
43 years with T1DM 

N=22 
 

16 weeks 

Primary: 
Hypoglycemia 
 
Secondary: 

Primary: 
Measures of glycemic variation did not differ significantly 
between insulin glargine and ultralente insulin. In the insulin 
glargine group, the standard deviation of blood glucose showed 
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vs 
 
ultralente insulin plus 
premeal insulin aspart 

Not reported a tendency to be lower and the standard deviation of nocturnal 
blood glucose concentrations was significantly lower. However, 
glucose concentrations were significantly lower during the 1 
hour before and 3 hours after lunch with ultralente insulin. 
 
Secondary: 
Not reported 

Chatterjee et al77 

 
Insulin glargine SC QD 
plus premeal insulin aspart 
 
vs 
 
NPH SC BID plus premeal 
insulin aspart 

OL, RCT, SC, XO 
 
Patients aged 18-75 years 
with T1DM for at least 6 
months on either BID or 
multiple dose insulin 
injections, BMI <45 
kg/m2, HbA1c 6%-11% 
 
Patients were randomized 
and continued on either 
insulin glargine or NPH 
for 16 weeks before 
crossing over to the other 
basal insulin. 

N=60 
 

36 weeks 

Primary: 
Change in HbA1c 
 
Secondary: 
Frequency of overall 
hypoglycemic 
episodes, change in 
FPG, body weight, 
lipid profile 

Primary: 
At 36 weeks, treatment with insulin glargine resulted in lower 
HbA1c levels compared to NPH (between-treatment difference 
–0.19±0.09; 95% CI, –0.36 to 0.01; P=0.04). At the end of the 
second treatment period, those patients switching from 
glargine to NPH experienced an increase in HbA1c of 0.16%, 
whereas those who switched from NPH to glargine 
experienced a reduction of 0.1%. 
 
Secondary: 
Both groups had similar mean incidences of overall 
hypoglycemic episodes (between-treatment difference 1.21; 
95% CI, 0.56 to 2.64; P=0.63). The odds ratio (OR) for the 
incidence of hypoglycemia compared in both groups was 1.2 
(95% CI, 0.55 to 2.59; P value not reported). 
 
FPG was also lower with insulin glargine versus NPH 
(between-treatment difference –3.00; 95% CI, –4.80 to  
–1.20; P<0.01). 
 
There was no significant difference in change in body weight 
between both groups (mean difference –0.24; 95% CI, –0.87 
to 0.39; P=0.45). Similarly, there was no difference in total 
cholesterol or triglyceride levels between groups (P value not 
reported). 

Manini et al78  
 
Insulin glargine 
 
vs 
 
intensive insulin treatment 

RCT 
 
Patients with a mean age 
of 46 years with T1DM 
for at least 1 year duration 
and suboptimal glucose 
control under intensive 

N=47 
 

8 months 

Primary: 
Change in HbA1c, 
health-related 
quality of life 
 
Secondary: 
Not reported. 

Primary: 
Insulin glargine resulted in a mean HbA1c decrease of 0.7% 
from baseline (P<0.0001). 
 
Insulin glargine also resulted in improved health-related 
quality of life scores using a Well-being Enquiry for Diabetics 
questionnaire. The results showed improvements in 
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(NPH) insulin treatment discomfort (P=0.020), impact (P=0.0002), and total score 
(P=0.0005). The questionnaire score changes were also 
associated with a lower perceived risk of hypoglycemia and 
fewer daily-life associated issues with insulin glargine. 
 
Secondary: 
Not reported. 

Rosenstock et al79 

 
Insulin glargine containing 
30 μg/mL zinc chloride SC 
HS 
 
vs 
 
insulin glargine containing 
80 μg/mL zinc chloride SC 
HS 
 
vs 
 
NPH insulin SC HS or 
premeal BID 
 

DB, MC, PG, RCT 
 
Patients with T1DM on 
basal-bolus multiple daily 
insulin regimen for at least 
2 months, 18 to 70 years of 
age, had BMI of 18-28 
kg/m2, HbA1c of <10%, 
postprandial serum C-
peptide of <0.2 pmol/mL 

N=256 
 

4 weeks 

Primary: 
FPG at study end 
point calculated as the 
mean of 3 FPG values 
on days 27, 28 and 29 
 
Secondary: 
Change from baseline 
in overnight plasma 
glucose, mean FBG, 
blood glucose profile, 
nocturnal blood 
glucose, stability of 
FPG, HbA1c,, safety 
and adverse events 

Primary: 
Adjusted mean FPG at end point was 9.2 mmol/L for the pooled 
insulin glargine groups and 11.3 mmol/L for NPH group 
(P=0.001). 
 
Secondary: 
The adjusted mean overnight plasma glucose levels after 5 AM 
were 7.8 mmol/L for insulin glargine 30, 7.3 mmol/L for insulin 
glargine 80, and 10.7 mmol/L for NPH insulin (P values not 
reported). 
 
At the end of the study, the mean standard deviations for FBG 
were 7.6±2.3 and 7.5±1.9 mmol/L for the insulin glargine 30 
and insulin glargine 80 groups, respectively, and 9.0±2.4 
mmol/L for the NPH group (P<0.001). 
 
Blood glucose profile determined from 7 SMBG values during 
the day was not different among the treatment group (P value 
not reported). 
 
Nocturnal blood glucose measured by SMBG at 3 AM was 
higher in the insulin glargine group than in the NPH group (P 
value not reported). 
 
Stability of FPG was significantly lower in patients receiving 
insulin glargine 30 compared to NPH insulin (P<0.05). 
 
The mean standard deviation for HbA1c levels were –0.4±0.48 
and –0.4±-0.49 in the insulin glargine 30 and insulin glargine 
80 groups, respectively, and –0.4±0.48 in the NPH insulin 
group (P value not reported). 
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Fewer patients receiving NPH insulin (93.2%) reported a 
hypoglycemic episode than patients receiving insulin glargine 
(97.6% and 100% for insulin glargine 30 and insulin glargine 
80, respectively; P=0.03). All events were considered mild and 
none resulted in discontinuation from study treatment. 
 
Insulin glargine was as safe as NPH insulin with no differences 
between treatments with regard to the incidence of adverse 
effects, including the most frequent event, injection site 
reactions. 

Rossetti et al80 

 
Insulin glargine SC at 
dinnertime plus premeal 
insulin lispro 
 
vs  
 
insulin glargine SC at HS 
plus premeal insulin lispro 
 
vs 
 
NPH insulin SC QID plus 
premeal insulin lispro 
 
Glycemic targets were blood 
glucose 6.4-7.2 mmol/L in 
the fasting state, before 
meals, and at bedtime and 
blood glucose at 8.0-9.2 
mmol/L 90 minutes after 
meals. 

RCT 
 
Patients with T1DM and 
fasting plasma C-peptide 
≤0.15 nmol/L on intensified 
treatment with multiple 
daily combinations of lispro 
and NPH insulin at each 
meal and NPH at bedtime 

N=51 
 

12 weeks 

Primary: 
HbA1c level 
 
Secondary: 
Blood glucose profile 
from home blood 
glucose monitoring, 
hypoglycemia 

Primary: 
In patients taking NPH insulin, HbA1c increased slightly from 
baseline, but was not statistically significant. However, HbA1c 
decreased both with the dinnertime as well as the bedtime dose 
of insulin glargine (P<0.04). There was no significant 
difference in the change of HbA1c in both insulin glargine 
groups (P=NS). 
 
Secondary: 
Patients taking insulin glargine had lower blood glucose 
concentrations in the fasting state, after breakfast, before lunch, 
and after lunch (P<0.05). The before-dinner blood glucose with 
NPH insulin and insulin glargine at dinnertime was similar 
(P=NS), but was lower with insulin glargine at bedtime 
(P<0.05). The after-dinner blood glucose was lower with 
insulin glargine at dinner-time and bedtime than with NPH 
insulin (P<0.05). However, the bedtime blood glucose was not 
different with all 3 treatment groups (P=NS). 
 
The frequency of mild hypoglycemia was lower in patients 
taking insulin glargine than in patients taking NPH insulin 
(P<0.005). There was no difference between the insulin 
glargine at dinnertime and insulin glargine at bedtime (P=NS). 
Patients taking insulin glargine had a lower frequency of 
nocturnal hypoglycemic episodes than patients taking NPH 
insulin (P<0.05). There were no differences between both 
insulin glargine groups (P=NS). 
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Pesić et al81 

 
Insulin glargine QD plus 
premeal insulin aspart 
 
vs 
 
NPH at bedtime plus 
premeal insulin aspart and 
intensive self monitoring 
 
vs 
 
NPH BID plus premeal 
insulin aspart 

RCT 
 
Patients with T1DM on 
long-term conventional 
insulin therapy 
 

N=48 
 

12 weeks 

Primary: 
Change in FPG, 
change in HbA1c 
 
Secondary: 
Frequency of 
hypoglycemia 

Primary: 
FBG was lower in the glargine group in comparison to the 
NPH BID group (7.3 mmol/L vs 7.47 mmol/L, respectively), 
but this difference was not significant. FPG levels for the 
NPH-at-bedtime group were reported as significantly higher 
compared to either of the other two groups (8.44 mmol/L; 
P<0.05). 
 
At 12 weeks, HbA1c decreased in both the NPH BID (from 
7.80 ±0.83% to 7.01 ±0.63%) and insulin glargine groups 
(from 7.72 ±0.86% to 6.87 ±0.50%). However, there was no 
change in HbA1c in the NPH-at-bedtime group. 
 
Secondary: 
A lower frequency of mild hypoglycemic episodes was 
observed in the insulin glargine group compared to both NPH 
groups (P<0.05). 

Ahern et al82 

 
Insulin pump therapy 
containing basal insulin 
 
The total patient population 
was stratified based on age: 
1-6 years, 7-11 years, and 
12-18 years. 
 
Patients were started on 
daily dose of insulin 
therapy prior to study start. 
The total daily dose was 
divided as 50% premeal 
bolus doses and 50% as 
basal replacement, given 
as a single hourly rate over 
the first 24 hours. 

PRO 
 
Patients aged ≤18 years 
with T1DM, followed in 
children’s diabetes clinic 
for at least 1 year prior to 
start of pump therapy, 
previously on a 2-3 
injection/day regimen 

N=161 
 

Average of 
32±9 months 

Primary: 
HbA1c, diabetes-
related adverse events 
 
Secondary: 
Not reported 

Primary: 
Patients in all 3 groups had good diabetes control prior to study 
start. However, HbA1c levels fell by 0.6%-0.7% in all 3 groups 
by 12 months. These levels were significantly lower than 
prepump levels (P≤0.02). 
 
Within each age group, the incidence of severe hypoglycemic 
events during pump therapy was lower than during prior 
injection therapy. The differences did not achieve statistical 
significant (P value not reported). 
 
When all 3 groups were combined, there was a significantly 
lower incidence of severe hypoglycemic events during the first 
12 months of pump therapy than during the 12 months prior to 
pump therapy (P<0.05). 
 
Secondary: 
Not reported 

Intermediate- and Long-Acting Insulins: Type 2 Diabetes Mellitus 
Haak et al83 

 
MC, OL, PG, RCT 
 

N=505 
 

Primary: 
Change in HbA1c 

Primary: 
At 26 weeks, significant HbA1c reductions were observed with 
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Insulin detemir at bedtime 
plus premeal insulin aspart  
 
vs 
 
NPH at bedtime plus 
premeal insulin aspart 
 
Note: Patients receiving >1 
basal insulin injection prior 
to trial received BID 
injections in both groups. 
Initial doses of insulin 
detemir were 50% of basal 
requirement prior to trial. 
Initial doses of NPH 
remained the same as prior 
to trial. Insulin doses were 
adjusted to achieve an 
FBG goal of 4.0-7.0 
mmol/L, PPG goal of <10 
mmol/L, and nocturnal 
goal of 4-7 mmol/L. 

Patients aged ≥35 years 
with T2DM for ≥12 
months, HbA1c≤12% and 
who had received insulin 
treatment for ≥2 months 

26 weeks and FPG from 
baseline, 9-point 
SMBG profile, 
hypoglycemia, 
weight gain 
 
Secondary: 
Not reported 

both the insulin detemir group (–0.2%; P=0.004) and the NPH 
group (–0.4%; P=0.0001). There was no significant difference 
in HbA1c reduction between the two treatment groups (P value 
not reported). 
 
At 26 weeks, both the insulin detemir group and NPH group 
had significant reductions in FPG from baseline (P=0.027 and 
P=0.026, respectively). However, differences between groups 
were not significant (P=0.66). 
 
There were no significant differences in mean 9-point SMBG 
profiles between the 2 treatment groups (P=0.58). 
 
There was no significant difference in both nocturnal and total 
hypoglycemia between insulin detemir compared to NPH 
(P=0.95 and P=0.48, respectively).  
 
At 26 weeks, body weight changes from baseline were 
significantly lower with insulin detemir compared to NPH 
(1.0 kg vs 1.8 kg, respectively; P=0.017). 
 
Secondary: 
Not reported 

Philis-Tsimikas et al84 

 
Insulin detemir QD in the 
PM 
 
vs 
 
insulin detemir QD before 
breakfast 
 
vs  
 
NPH QD in the PM 
 
Note: Initial doses were 
started at 10 units and 

MC, OL, PG, RCT 
 
Men and women aged 
≥18 years, had a BMI ≤40 
kg/m2, T2DM for at least 
12 months, insulin naïve, 
HbA1c 7.5%-11% 
following at least 3 
months of treatment with 
≥1 OAD 

N=498 
 

20 weeks 

Primary: 
Change in HbA1c 
from baseline 
 
Secondary: 
Change in FPG, 9-
point SMBG profile, 
hypoglycemia 

Primary: 
Both insulin detemir groups had similar reductions in HbA1c 
compared to that of the NPH group. At 20 weeks, both 
evening and morning insulin detemir was found to be as 
effective as evening NPH (mean difference 0.10%; 95% CI, –
0.08 to 0.29 and 0.13%; 95% CI, –0.07 to 0.32, respectively). 
Equivalence was found between both insulin detemir groups 
(estimated difference –0.03%; 95% CI, –0.21 to 0.15; P value 
not reported). 
 
Secondary: 
At 20 weeks, evening insulin detemir had changes in FPG 
similar to those with evening NPH (mean difference –0.46 
mmol/L; 95% CI, –1.05 to 0.13). However, morning insulin 
detemir had significantly higher FPG than both evening NPH 
and evening insulin detemir (mean difference 0.88 mmol/L; 
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titrated to achieve a 
prebreakfast and predinner 
FPG ≤108 mg/dL. 

95% CI, 0.31 to 1.5; P=0.003 and 1.33 mmol/L; 95% CI, 0.85 
to 1.80; P<0.001, respectively). 
 
Prebreakfast SMBG was higher in the morning insulin 
detemir group in comparison to both evening groups 
(P<0.001). However, predinner SMBG was lower in the 
morning insulin detemir group than that of the evening 
detemir and evening NPH groups (P=0.005 and P<0.001, 
respectively). Both evening groups resulted in similar SMBG 
profiles. 
 
When compared to evening NPH, evening insulin detemir 
resulted in a significant risk reduction in the rate of 
hypoglycemic episodes over 24 hours and confirmed 
nocturnal episodes (P=0.0019 and P=0.031, respectively). On 
the other hand, when comparing morning and evening 
detemir, the rates of hypoglycemia were statistically similar. 
In comparison to evening NPH, morning insulin detemir did 
have a significant risk reduction of 87% for confirmed 
nocturnal hypoglycemia (P<0.001). 

Garber et al85 

 
Insulin detemir QD or BID 
plus bolus insulin (insulin 
aspart or human soluble 
insulin) or OAD treatment 
 
vs 
 
NPH insulin QD or BID plus 
bolus insulin (insulin aspart 
or human soluble insulin) or 
OAD treatment 
 
Insulin doses were 
adjusted to achieve target 
FBG 72-126 mg/dL, FPG 
<108 mg/dL, PPG <180 
mg/dL or less than 162 

MC, OL, PG, pooled 
analysis, RCT 
 
Patients aged ≥18 years 
with T2DM for at least 1 
year treated with insulin, 
insulin analogs, or OADs 
for at least 2 months, 
HbA1c≤12% (in study 3, 
patients with HbA1c 7.5%-
10% were enrolled) 
 
Patients were stratified to 
older (aged ≥65 years) 
and younger (18-64 
years) subgroups. 

N=1,374 
 

22-26 weeks 

Primary: 
Difference in HbA1c at 
study endpoint 
between younger and 
older patients 
 
Secondary: 
Glucose variability, 
FPG, insulin doses, 
body weight, 
hypoglycemia 

Primary: 
HbA1c with insulin detemir was as effective as NPH insulin 
after 22 to 26 weeks (mean treatment difference, insulin 
detemir-NPH insulin 0.035%; 95% CI, ─0.114 to 0.183 for 
older persons and 0.100%; 95% CI, ─0.017 to 0.217 for 
younger persons; P value not reported). 
 
Secondary: 
After 22 to 26 weeks, within-person variation was significantly 
lower with insulin detemir than with NPH insulin for older 
persons (24.3 vs 27.2 mg/dL for insulin detemir and NPH 
insulin, respectively; P<0.05) and for younger persons (22.6 vs 
25.8 mg/dL for insulin detemir and NPH insulin, respectively; 
P<0.001). 
 
FPG with insulin detemir was similar to that with NPH insulin 
after 24 or 26 weeks for both older and younger patients (mean 
treatment difference, insulin detemir-NPH insulin, 0.97 mg/dL; 
95% CI, ─8.01 to 9.95 for older persons and 4.69 mg/dL; 95% 
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mg/dL. CI, ─2.30 to 11.67 for younger persons; P value not reported). 
 
The mean daily insulin dose was 0.63±0.45 IU/kg for insulin 
detemir and 0.48±0.28 IU/kg for NPH insulin in younger 
patients. Older patients had similar doses to younger patients 
(0.59±0.44 IU/kg for insulin detemir and 0.46±0.26 IU/kg for 
NPH insulin (P value not reported). 
 
The RR for overall hypoglycemia was statistically lower with 
insulin detemir than with NPH insulin in both older and 
younger patients (0.59; P=0.002 and 0.75; P=0.022, 
respectively). The RR for all nocturnal episodes was 
significantly lower with insulin detemir (P<0.001) in younger 
patients, but was not significant in older patients. 

Raslová et al86 

 
Insulin detemir SC QD or 
BID plus premeal insulin 
aspart or REG 
 
vs 
 
NPH insulin SC QD or BID 
plus premeal insulin aspart 
or REG 

PG, pooled analysis, RCT 
 
Patients with insulin-treated 
T2DM 

N=900 
 

22-24 weeks 

Primary: 
Weight gain, HbA1c 
 
Secondary: 
Not reported 

Primary: 
Patients taking insulin detemir had little weight gain, regardless 
of BMI at study entry. However, patients taking NPH insulin 
had increased weight gain as baseline BMI increased 
(P=0.025). 
 
Glycemic control was similar with both treatment groups (P 
value not reported). 
 
Secondary: 
Not reported 

Rosenstock et al87 

 
Insulin glargine QD at 
bedtime 
 
vs 
 
NPH insulin QD or BID  
 
 

MA 
 
Meta-analysis of 4 
randomized trials in type 
2 diabetics comparing 
insulin glargine to NPH, 
baseline HbA1c 8.8% in 
the insulin glargine group 
and 8.7% in the NPH 
group 
 
Study exclusion criteria 
were not specified.  

N=2,304 
 

20-24 weeks  

Primary: 
Incidence of 
hypoglycemia 
 
Secondary: 
Effect on HbA1c, 
percentage of 
patients reaching 
target HbA1c (
7.0%), effect on 
FPG, and insulin 
dose 

Primary: 
Significant reductions in symptomatic hypoglycemic risk (–
11%; P=0.0006) and nocturnal hypoglycemic risk (–26%; 
P<0.0001) were reported with insulin glargine compared to 
NPH. 
 
Secondary: 
No significant difference was noted between treatment groups 
in HbA1c reduction or percentage of patients reaching target 
HbA1c of 7.0%. 
 
FPG was significantly lower with insulin glargine (155 
mg/dL) compared to NPH (161 mg/dL; P=0.0233). 
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Both treatment groups had similar mean basal and total 
insulin doses at all study endpoints.  

Siegmund et al88 

 
Insulin glargine plus 
premeal rapid-acting 
insulin analogs 
 
vs 
 
NPH plus premeal rapid-
acting insulin analogs 
 

OS, PRO, SC 
 
Patients with T2DM  
 

N=119 
 

18 months 

Primary: 
Change of HbA1c 
from baseline  
 
Secondary: 
Weight gain, 
incidence of 
hypoglycemia 

Primary: 
For the insulin glargine group, results showed statistically 
significant reductions in HbA1c compared to baseline  
(–0.49%; 95% CI, –0.26 to –0.71; P<0.001). However, the 
reduction from baseline in HbA1c for the NPH group was 
determined to be not significant (–0.12%; 95% CI, –0.31 to 
0.06; P=0.189). After 18 months, the difference between the 
two treatment groups was 0.37% (P<0.015). 
 
Secondary: 
Average weight gain was significantly higher in the NPH 
group than in the glargine group (2.1 kg vs 0.25 kg, 
respectively; P=0.025). 
 
Although there was a lower risk of hypoglycemia in the 
insulin glargine group than in the NPH group (0.50 vs 0.71 
episodes/patient/month, respectively), the results did not reach 
statistical significance (P=0.081). 

Horvath et al89 

 
Long-acting insulin 
analogs (insulin glargine or 
insulin detemir) 
 
vs 
 
NPH insulin 

MA 
 
Analysis of 8 studies 
comparing long-acting 
insulin analogs to NPH 
insulin in patients with 
T2DM 
 
Studies were excluded if 
they were not a 
randomized controlled 
trial, did not have a 
comparable 
cointervention, trial 
duration <24 weeks, and 
if T2DM patients were 
not included. 
 
Studies included patients 

N=2,293 
 

24-52 weeks 

Primary: 
Change in HbA1c 
from baseline to 
endpoint 
 
Secondary: 
Number of overall, 
severe, and 
nocturnal 
hypoglycemia 

Primary: 
In a meta-analyses of studies with relevant data available 
comparing insulin glargine versus NPH when both agents 
were administered in the evening, the weighted mean 
difference of change of HbA1c from baseline was estimated to 
be 0.1% (95% CI, –0.1 to 0.2; P=0.49) in favor of NPH. In all 
studies comparing evening insulin glargine to NPH, the 
weighted mean difference of change of HbA1c was estimated 
to be 0.00% (95% CI, –0.1 to 0.1; P=0.93) which confirmed 
the previous result. 
 
In one arm of an analysis by Fritsche, which was not included 
in the above meta-analysis, there was a significantly greater 
reduction in HbA1c with insulin glargine administered QAM 
versus NPH administered QPM (P value not reported). 
 
In both analyses that compared change in HbA1c with insulin 
detemir to NPH, NPH was favored (weighted mean difference 
0.1%; 95% CI, 0.01 to 0.2; P=0.03 when standard deviations 
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with mean ages of 55-62 
years, with T2DM for a 
mean duration of 8-14 
years, BMI 27-33 kg/m2, 
and HbA1c levels of 
7.9%-9.5%. 

were calculated and 0.2%; 95% CI, 0.02 to 0.3; P=0.08 using 
pooled standard deviations). Even though this result indicated 
a statistically significant difference in change of HbA1c 
between insulin detemir and NPH, the difference was within 
the “noninferiority” margin of 0.4% for both studies.  
 
Secondary: 
In both comparisons of insulin glargine versus NPH and 
insulin detemir versus NPH, both long-acting agents had 
statistically lower rates of severe hypoglycemia (OR, 0.70; 
95% CI, 0.40 to 1.23; P value not reported and 0.50; 95% CI, 
0.18 to 1.38; P=0.18, respectively). 
 
Insulin glargine was found to have a lower frequency of 
symptomatic hypoglycemia than NPH (RR, 0.84; 95% CI, 
0.75 to 0.95; P=0.005). In terms of overall hypoglycemia, 
there was no difference in the rates of at least one 
hypoglycemic episode between insulin glargine in the 
morning, insulin glargine in the evening, and NPH insulin at 
bedtime (74%, 68% and 75%, respectively; P=NS).  
 
When comparing insulin detemir to NPH, insulin detemir had 
significantly lower rates of symptomatic and overall 
hypoglycemia (RR, 0.56; 95% CI, 0.42 to 0.74; P<0.001 and 
0.82; 95% CI, 0.74 to 0.90; P<0.0001, respectively). 
 
Both insulin glargine and insulin detemir resulted in 
significantly lower rates of nocturnal hypoglycemia in 
comparison to NPH (RR, 0.66; 95% CI, 0.55 to 0.80; 
P<0.0001 and 0.63; 95% CI, 0.52 to 0.76; P<0.00001, 
respectively). 

Intermediate- and Long-Acting Insulin in Combination with Oral Diabetes Medications: Type 2 Diabetes Mellitus 
Hermansen et al90 

 
Insulin detemir BID in 
addition to the patient’s 
current oral antidiabetic 
regimen 
 

MC, OL, PG, RCT 
 
Adult T2DM patients 
with no history of insulin 
use, baseline HbA1c 
8.61% for participants 
taking insulin detemir and 

N=476 
 

26 weeks 

Primary: 
Effect on HbA1c 
 
Secondary: 
FPG, proportion of 
participants 
achieving 

Primary: 
After 26 weeks, HbA1c reductions with the insulin detemir 
group (–1.8%; P=0.004) did not differ significantly from 
reductions observed with NPH (–1.9%; P=not significant).  
 
Secondary: 
After 26 weeks, the difference in mean FPG reductions 
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vs 
 
NPH BID in addition to 
the patient’s current oral 
antidiabetic regimen 
 
Basal insulin doses were 
adjusted to achieve 
prebreakfast FBG of 6.0 
mmol/L (108 mg/dL). 
 
 

8.51% for those 
randomized into the NPH 
group  
 
Patients were excluded if 
they were pregnant or 
breastfeeding; receiving 
thiazolidinediones; had a 
history of proliferative 
retinopathy, recurrent 
hypoglycemia, or 
impaired renal or hepatic 
function; had secondary 
diabetes; or were on 
medications that 
interfered with glucose 
metabolism. 
 
 

HbA1c≤7.0%, 
proportion of 
participants 
achieving 
HbA1c≤7.0% 
without 
hypoglycemia, 10-
point SMBG, 
frequency of 
hypoglycemia, and 
weight gain 

between insulin detemir and NPH was not significant (0.32 
mmol/L; P>0.05). 
  
The proportion of patients achieving an HbA1c of ≤7.0% was 
70% in those taking insulin detemir and 74% with those 
taking NPH. The difference between treatment groups was not 
significant.  
 
The proportion of patients achieving an HbA1c of ≤7.0% 
without hypoglycemia was significantly higher in those taking 
insulin detemir (26%) compared to those taking NPH (16%; 
P=0.008). 
 
There was significantly less day-to-day fluctuation of fasting 
SMBG profiles with insulin detemir when compared to NPH 
(P=0.021). 
 
There were no significant differences in mean 10-point SMBG 
profiles between the 2 treatment groups (P=0.19). 
 
There was a 47% lower risk of overall hypoglycemia with 
insulin detemir compared to NPH (P<0.001). There was a 
55% lower risk of nocturnal hypoglycemia with insulin 
detemir compared to NPH (P<0.001). 
 
After 26 weeks, body weight change from baseline was 
significantly lower with insulin detemir (1.2 kg) compared to 
NPH (2.8 kg; P<0.001). 

Meneghini et al91 

 
Insulin detemir ± OAD 
transferred from 3 groups of 
patients: OAD only, NPH 
insulin ± OAD, insulin 
glargine ± OAD 

OL, OS 
 
Subgroup of patients with 
T2DM from the German 
cohort of PREDICTIVE 
study 
  

N=1,832 
 

12 weeks 

Primary: 
Incidence of severe 
adverse drug reactions 
(SADRs) (major 
hypoglycemic events) 
 
Secondary: 
Hypoglycemic 
events, weight 
changes, HbA1c, 
FPG 

Primary: 
No SADRs were reported during the 12 week follow-up. 
Reports of adverse drug reactions occurred in 0.3% of patients, 
including 1 report of drug intolerance, 2 diabetes-related 
reports, 1 report of headache, and 1 report of skin allergy. P 
values were not reported. 
 
Secondary: 
The percentage of patients experiencing hypoglycemia and the 
frequency of hypoglycemic episodes were lower in the insulin 
detemir group during the 4 weeks preceding the follow-up visit 
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compared to baseline. The total, daytime, and nocturnal 
hypoglycemic events at baseline decreased from 3.3, 2.0, and 
1.3 events/patient-year, respectively, to –2.7, –1.6, and –1.2, 
respectively (P<0.0001). The percentage of patients 
experiencing these events decreased from 7.2%, 5.5%, and 
3.7%, respectively, to 2.0%, 1.6%, and 0.5% at follow-up (P 
values not reported). 
 
There were overall reductions in body weight following the 
transition to insulin detemir (P<0.0001). All 3 groups of 
patients had weight reduction after initiating insulin detemir 
(P<0.0001 in the OAD only group, P<0.0099 in the NPH 
insulin ± OAD group, and P<0.0001 in the insulin glargine ± 
OAD group). 
 
A reduction of 1.1±0.03% in mean HbA1c was observed at study 
endpoint (P<0.0001). Patients that were in the OAD only group 
had a reduction of 1.29±0.03% (P<0.0001) from baseline, 
which was a slightly greater reduction than in the NPH insulin ± 
OAD and insulin glargine ± OAD groups (–0.60±0.09% and –
0.59±0.06%, respectively; P<0.0001 for both). 
 
There was a significant reduction in mean FPG overall 
(P<0.0001). However, patients transitioning from the OAD 
only group tended to have a greater reduction in FPG from 
baseline than those transitioning from the other two treatment 
regimens (P<0.0001). 

Fritsche et al92 

 
Insulin glargine in the AM 
plus glimepiride 3 mg QD 
 
vs 
 
insulin glargine HS plus 
glimepiride 3 mg QD 
 
vs 
 

MC, OL, PG, RCT 
 
Patients with T2DM aged 
<75 years, previously on 
oral therapy with any 
sulfonylurea as 
monotherapy or in 
combination with 
metformin or acarbose, 
BMI<35 kg/m2, FPG≥120 
mg/dL, HbA1c 7.5%-10.5% 

N=700 
 

28 weeks 

Primary: 
Change in HbA1c from 
baseline to end point, 
frequency of patients 
who experienced 
hypoglycemic 
episodes during the 
study 
 
Secondary: 
HbA1c≤7.5%, 
FBG≤100 mg/dL, 

Primary: 
Over the 24-week treatment period, HbA1c levels improved by –
1.24% (2-sided 90% CI, –1.10 to –1.38%) with morning insulin 
glargine, –0.96% (90% CI, –0.81 to –1.10%) with bedtime 
insulin glargine and –0.84% (90% CI, –0.69 to –0.98%) with 
bedtime NPH insulin (P values not reported). 
 
Improvement in HbA1c was significant in patients receiving 
morning insulin glargine than in patients receiving NPH insulin 
(0.40%; 90% CI, 0.23 to 0.58%; P<0.001) and bedtime insulin 
glargine (0.28%; 90% CI, 0.11 to 0.46%; P=0.008). 
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NPH insulin HS plus 
glimepiride 3 mg QD 
 

response rates, mean 
24-hour blood glucose 
values, hypoglycemic 
events and adverse 
events.  

Secondary: 
More patients in the morning insulin glargine group achieved 
HbA1c level of <7.5% (43%) than patients in the bedtime NPH 
insulin (32%) and bedtime insulin glargine groups (33%; 
P=0.021). 
 
FBG levels improved in all three groups. The average reduction 
in FBG level achieved over the 24-week treatment did not differ 
among the groups (P>0.2). 
 
The morning insulin glargine group showed a greater decrease 
in mean daily blood glucose levels compared with both the 
bedtime NPH insulin group (P<0.001) and the bedtime insulin 
glargine group (P=0.002). 
 
Hypoglycemic events were similar among the three groups. The 
number of patients experiencing nocturnal hypoglycemia was 
lower in both the morning and bedtime insulin glargine groups 
than with the bedtime NPH insulin group (P<0.001). Fewer 
patients experienced symptomatic hypoglycemia with bedtime 
insulin glargine (43%) than with bedtime NPH insulin (58%; 
P=0.001) and morning insulin glargine (56%; P=0.004). 
 
Adverse event rates were similar in all three groups (P values 
not reported). 

Yki-Järvinen et al93 

 
Insulin glargine SC HS plus 
current OAD regimen 
 
vs 
 
NPH insulin SC HS plus 
current OAD regimen 
 
Initial insulin doses were left 
to the discretion of the 
investigator and titrated to 
achieve FPG target of ≤120 

RCT 
 
Patients aged 40-80 years 
with T2DM for at least 3 
years, BMI<40 kg/m2, 
HbA1c 7.5%-12%, previous 
oral therapy with either 
sulfonylureas alone or 
combined with acarbose, 
metformin, or metformin 
alone for at least 1 year, 
negative history of 
ketoacidosis, women of 
childbearing potential were 

N=426 
 

52 weeks 

Primary: 
HbA1c 
 
Secondary: 
FPG, 24-hour blood 
glucose profile, 
incidence of 
hypoglycemia, and 
serum C-peptide 
concentrations 

Primary: 
The HbA1c in the insulin glargine group decreased to 
8.34±0.09% at end point from baseline (P<0.001) and 
8.24±0.09% in the NPH insulin group (P<0.001). 
 
Secondary: 
In the group of patients that achieved target FPG ≤120 mg/dL, 
HbA1c decreased to 7.75±0.14% and 7.60±0.12% in the insulin 
glargine and NPH insulin groups, respectively. However, there 
was no difference between groups (P values not reported). 
 
At study end point, blood glucose concentrations were 
significantly lower in the insulin glargine group than the NPH 
group before and after dinner. However, in the group of patients 
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mg/dL. required to be on 
contraceptive protection, 
willingness to perform 
SMBG 

that achieved target FPG, blood glucose at 3:00 AM was 
significantly lower in patients taking NPH insulin than those 
taking insulin glargine (P=0.0012). 
 
In the entire group of patients, the percentage of patients 
experiencing at least 1 symptomatic hypoglycemic episode was 
lower in the insulin glargine group than the NPH insulin group. 
In the group of patients achieving target FPG, the percentage of 
patients experiencing symptomatic hypoglycemia was 33.0% 
and 50.7% in the insulin glargine and NPH insulin groups, 
respectively (P=0.027). 
 
Serum C-peptide concentrations decreased similarly from 
baseline in both treatment groups (P<0.001). 

Riddle et al94 

 
Insulin glargine SC HS plus 
current OAD regimens 
 
vs 
 
NPH insulin SC HS plus 
current OAD regimens 
 
Starting dose for both 
insulins was 10 IU and 
dosage was titrated weekly 
to achieve target FPG 
≤100 mg/dL. 

CS, MC, OL, PG, RCT 
 
Patients aged 30-70 years 
with T2DM for ≥2 years, 
treated with stable doses 
of 1 or 2 OAD for ≥3 
months, BMI 26-40 
kg/m2, HbA1c 7.5%-10%, 
FPG ≥140 mg/dL at 
screening 

N=764 
 

24 weeks 

Primary: 
Percentage of patients 
achieving HbA1c≤7% 
without a single 
instance of 
symptomatic 
nocturnal 
hypoglycemia 
confirmed by plasma-
referenced glucose 
≤72 mg/dL 
 
Secondary: 
Changes from 
baseline in HbA1c, 
FPG, and weight; 
percentage of 
patients achieving 
HbA1c≤7% or FPG 
≤100 mg/dL 
independent of the 
occurrence of 
hypoglycemia; 
percentage of 
patients achieving 

Primary: 
The percentage of patients reaching a target HbA1c≤7% without 
a single instance of symptomatic nocturnal hypoglycemia was 
achieved by more patients taking insulin glargine than NPH 
insulin (32.2% vs 26.7%, respectively; P<0.05). 
 
Secondary: 
Mean HbA1c at end point was 6.96% with insulin glargine and 
6.97% with NPH insulin (between-treatment difference –0.03%; 
95% CI, –0.13 to 0.08; P=NS). Both groups also achieved 
comparable decreases in FPG at end point (between-treatment 
difference –3.6 mg/dL; 95% CI, –8.82 to 1.62; P=NS). Weight 
increased similarly from baseline to end point in both groups 
(between-treatment difference 0.2 kg; 95% CI, –0.24 to 0.68; 
P=NS). 
 
The HbA1c≤7% target was reached by 58.0% of patients on 
insulin glargine and 57.3% of patients on NPH insulin. 
 
The goal FPG ≤100 mg/dL was achieved by 36.2% of patients 
on insulin glargine and 34.4% of patients on NPH insulin. This 
target was achieved without hypoglycemia more often by 
patients taking insulin glargine. FPG ≤100 mg/dL without 
documented nocturnal hypoglycemia was achieved by 22.1% of 
patients taking insulin glargine compared to 15.9% of patients 
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and  
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and 

Demographics 
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and Study 
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End Points Results 

FPG ≤100 mg/dL 
without confirmed 
hypoglycemia; 
overall rates of 
symptomatic 
hypoglycemia 

taking NPH insulin (P<0.03). 
 
The rates of hypoglycemia (events/patient-year) with insulin 
glargine vs NPH insulin were 13.9 vs 17.7, respectively for all 
symptomatic events (P<0.02) and 9.2 vs 12.9, respectively, 
for all confirmed events (P<0.005). 

Eliaschewitz et al95 

 
Bedtime insulin glargine 
plus glimepiride 4 mg PO 
QD 
 
vs 
 
bedtime NPH plus 
glimepiride 4 mg PO QD 
 
Note: Insulin doses were 
titrated to achieve target 
FPG of ≤100 mg/dL. 

MC, OL, RCT 
 
Men and women aged 
≤75 years with T2DM, 
who had not achieved 
good metabolic control on 
OADs for at least 6 
months, with HbA1c 
levels of 7.5%-10.5%, 
FPG ≥100 mg/dL, and 
BMI ≤35 kg/m2 

N=528 
 

24 weeks 

Primary: 
Change in HbA1c 
from baseline to end 
of study 
 
Secondary: 
Percentage of 
patients who 
responded to 
treatment (defined 
as those who 
achieved 
HbA1c≤7.5% and 
FPG ≤100 mg/dL by 
end of study), 
change in FPG from 
baseline, 
hypoglycemia 

Primary: 
At 24 weeks, both groups demonstrated equivalence in change 
in HbA1c (adjusted mean difference –0.047; 90% CI, –0.232 to 
0.138). Based on equivalence result, an analysis was 
conducted and also revealed no significant difference between 
groups (adjusted mean difference –0.029; 90% CI, –0.210 to 
0.153; P=0.795). 
 
Secondary: 
The percentages of responders were similar in both the insulin 
glargine group and NPH group for HbA1c≤7.5% (50.4% vs 
48%, respectively; P=0.529) and FPG ≤100 mg/dL (42.1% vs 
39.8%, respectively; P=0.752). 
 
There was no significant difference between groups in 
changes in FPG (P=0.298). 
 
The insulin glargine group had a lower relative risk of 
hypoglycemia than the NPH group (RR, 1.27; 95% CI, 1.03 to 
1.57). There was also a greater reduction in the risk of 
nocturnal hypoglycemia (RR, 1.2; 95% CI, 1.09 to 1.37) and 
confirmed nocturnal events (RR, 1.19; 95% CI, 1.07 to 1.31) 
in the insulin glargine group than the NPH group (P value not 
reported). 

Yki-Järvinen et al96 

 
Bedtime insulin glargine 
plus metformin (G+MET) 
 
vs 
 
bedtime NPH plus 
metformin (NPH+MET) 

MC, OL, PG, RCT 
 
Men and women aged 35-
75 years with T2DM 
previously treated with a 
stable dose of 
sulfonylurea and 
metformin (>1.5 gm) or 
metformin alone for at 

N=110 
 

36 weeks 

Primary: 
Change in HbA1c 
from baseline 
 
Secondary: 
Diurnal glucose 
concentrations, 
symptomatic 
hypoglycemia 

Primary: 
At 36 weeks, HbA1c decreased from 9.13±0.15% to 
7.14±0.12% and from 9.26±0.15% to 7.16±0.14% in the 
G+MET and NPH+MET groups, respectively. The changes in 
HbA1c were determined to be not significant between groups 
(P value not reported). 
 
Secondary: 
The diurnal profiles were consistently lower in the G+MET 
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Initial bedtime doses were 
10 units for patients who 
were previously on 
metformin alone and 20 
units for patients who were 
previously on both 
metformin and a 
sulfonylurea. All 
sulfonylurea medications 
were discontinued 
according to the study 
protocol. Insulin doses 
were titrated to achieve an 
FPG of 72-100 mg/dL in 
both groups.  

least 3 months prior to 
screening, with a BMI 20-
40 kg/m2, HbA1c≥8%, 
FPG ≥7 mmol/L 
measured during SMBG 
between 4 and 2 weeks 
prior to study start, and 
fasting C-peptide ≥0.33 
nmol/L 

group compared to the NPH+MET group (8.6±0.3 vs 10.1±0.3 
mmol/L, respectively; P=0.002). 
 
During the first 12 weeks, the G+MET group had significantly 
lower number of episodes of symptomatic hypoglycemia than 
the NPH+MET group, but the rates became similar thereafter. 
The frequency of hypoglycemia averaged 5.4 and 8.0 
episodes/patient-year for the G+MET and NPH+MET groups, 
respectively (P=0.12). 

Pan et al97 

 
Insulin glargine at bedtime 
plus glimepiride 3 mg PO 
QAM 
 
vs 
 
NPH at bedtime plus 
glimepiride 3 mg PO 
QAM 

MN, NI, OL, PG, RCT 
 
Insulin-naïve Asian 
patients aged 40-80 years 
with T2DM and random 
venous plasma glucose 
concentration ≥11.1 
mmol/L, FPG ≥7.0 
mmol/L, or PPG ≥11.1 
mmol/L 2 hours after 
OGTT, poorly controlled 
on OAD for ≥3 months 
prior to study entry, BMI 
20-35 kg/m2, HbA1c 
7.5%-10.5%, and FPG 
>120 mg/dL 

N=448 
 

24 weeks 

Primary: 
Change in HbA1c 
from baseline to 
endpoint 
 
Secondary: 
Mean FPG level, 8-
point blood glucose 
profiles, proportion 
of patients with 
HbA1c<7.5%, 
proportion of 
combined 
responders (defined 
as HbA1c<7.5% and 
FPG≤120 mg/dL), 
change in BMI, 
hypoglycemia 
 

Primary: 
The insulin glargine group had a decrease of 1.10% in HbA1c 
versus 0.92% in the NPH group. There was not a statistically 
significant difference between both groups (P=0.0631). The 
results were confirmed in a full analysis set, the difference 
between adjusted mean changes in the two groups was 0.22 
(95% CI, 0.02 to 0.42; P=0.0319).  
 
Secondary: 
FPG decreased to a similar extent in both the insulin glargine 
and NPH groups (–106 mg/dL and –104 mg/dL, respectively; 
P value not reported). 
 
At study end, the 8-point blood glucose profiles were similar 
in both the insulin glargine and NPH groups, except at 
postdinner time, when the use of insulin glargine resulted in 
lower glucose concentrations (P=0.0436). The insulin glargine 
group had greater decreases in daily blood glucose levels than 
the NPH group (–94 mg/dL vs –80 mg/dL, respectively; 
P=0.018). 
 
The proportion of patients achieving HbA1c<7.5% at the end 
of the study was greater for the insulin glargine group than the 
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NPH group (38.1% vs 30.3%, respectively). This was also 
consistent with the proportion of patients achieving target 
FPG (62.3% vs 58.7%, respectively). In the insulin glargine 
group, a greater proportion of patients achieved HbA1c<7.5% 
without experiencing nocturnal symptomatic hypoglycemia 
(P=0.0174). 
 
Both groups had similar changes in BMI from baseline (+1.40 
and +1.29 kg/m2 in the insulin glargine and NPH groups, 
respectively). 
 
The number of hypoglycemic episodes was significantly 
lower with insulin glargine than with NPH insulin (P<0.004). 
These differences were seen in particular with symptomatic 
hypoglycemia (P<0.0003), severe hypoglycemia (P<0.03), 
and nocturnal hypoglycemia (P<0.001). 

*Insulin doses titrated and adjusted based on patient response to meet goal glucose levels 
Drug regimen abbreviations: AM=morning, BID=twice daily, HS=bedtime, PM=evening, PO=by mouth, IU=international units, QD=once daily, QID=four times daily, SC=subcutaneous, TID=three 
times daily 
Study abbreviations: CI=confidence interval, CS=comparator study, ES=extension study, MA=meta-analysis, MC=multicenter, MN=multinational, NI=noninferiority, OL=open-label, OR=odds ratio, 
OS=observational study, PG=parallel-group, PRO=prospective, RCT=randomized controlled trial, RETRO=retrospective, RR=risk ratio, SC=single-centre, XO=crossover 
Other abbreviations: AUC=area under the curve, BBT=basal bolus therapy, BHI=biphasic human insulin , BIAsp=biphasic insulin aspart, BMI=body mass index, Cmax= maximum concentration, 
DLCO=diffusing capacity of the lung for carbon monoxide, FEV1=forced expiratory volume in 1 second, FPG=fasting plasma glucose, OGTT=oral glucose tolerance test, h=hour, HbA1c=glycosylated 
hemoglobin, HDL= high-density lipoprotein, INH=inhaled insulin, LDL= low-density lipoprotein, NPH=human insulin isophane (neutral protamine Hagedorn), NS=not significant, OAD=oral 
antidiabetic drug, PPG=postprandial plasma glucose, PPT=prandial premixed therapy, REG=regular human insulin, SADR=severe adverse drug reaction, SEM=standard error of the mean, SMBG=self 
monitoring of blood glucose, T1DM=type 1 diabetes mellitus, T2DM=type 2 diabetes mellitus, TEAE=treatment emergent adverse event 
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Additional Evidence 
 
Dose Simplification  
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 
Stable Therapy  
The effects of switching patients with type 2 diabetes mellitus stable on premixed human insulin therapy to 
premixed insulin lispro therapy was reported in a study by Yamada et al.98 Patients were receiving twice-daily 
injections of 70/30 or 50/50 premixed human insulin and were randomized to continue this regimen or switch to 
twice-daily injections of 50/50 premixed insulin lispro. At the end of the study, HbA1c was significantly improved 
in patients switched to premixed insulin lispro. The effect on quality of life as measured in the insulin therapy-
related quality of life and diabetes treatment satisfaction questionnaire surveys did not change over the treatment 
period between groups. However, an improvement in convenience was seen in patients taking premixed insulin 
lispro. 
 
In another study investigating effects of switching patients to a rapid-acting insulin regimen, Sharma et al99 
reported significant improvement in glycemia. Patients with type 2 diabetes mellitus were switched from biphasic 
human insulin to biphasic insulin aspart 30. HbA1c levels, postprandial glucose, and rates of hypoglycemic 
episodes were all reduced in patients taking biphasic insulin aspart 30 at study endpoint. 
 
A study by Yokoyama et al100 investigated switching patients with type 2 diabetes mellitus previously on premeal 
insulin lispro or insulin aspart and bedtime NPH to insulin glargine in the morning while continuing premeal 
insulins. Patients were randomized to continue NPH insulin therapy or insulin glargine therapy. The result was a 
statistically significant decline in HbA1c in patients taking insulin glargine compared to patients continued on NPH 
insulin. There was a slightly higher rate of hypoglycemia in the insulin glargine group, but the difference between 
groups was not significant. The results of this study indicate that conversion from NPH insulin at bedtime to 
insulin glargine in the morning appears to be more efficacious with no significant effect on the rates of 
hypoglycemia. 
 
Kanazawa et al101 also studied the effects of switching from NPH insulin to insulin glargine. After 3 months, 
HbA1c levels improved significantly after switching to insulin glargine in patients with type 1 and type 2 diabetes 
mellitus. The frequency of mild-to-moderate hypoglycemia was lower in the insulin glargine group, whereas 
Yokoyama et al found a higher rate of hypoglycemia in the insulin glargine group. The slight decrease in 
frequency was not significant. Fasting blood glucose levels also resulted in significant improvement following the 
switch. 
 
Another study by Dornhorst et al102 investigated the effects of switching patients with type 2 diabetes on NPH 
insulin or insulin glargine to insulin detemir. All patients continued their current oral antidiabetic medications. 
Glycemic control improved significantly in all patients taking insulin detemir regardless of their previous therapy 
with NPH insulin or insulin glargine. The incidence of total and nocturnal hypoglycemia was reduced in both NPH 
(P<0.0001 for both parameters) and glargine groups (P<0.01 and P<0.05, respectively).   The incidence of major 
hypoglycemia did not differ significantly from baseline, but mean body weight was significantly reduced in the 
NPH (P<0.01) and glargine (P<0.05) groups. 
 
Impact on Physician Visits 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 

 

IX. Cost   
 
A “relative cost index” is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For branded products with little 
or no recent utilization data, the average cost per prescription is calculated by the average wholesale price (AWP) 
and the standard daily dosing per product labeling. For generic products with little or no recent utilization data, the 
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average cost per prescription is calculated by the Alabama Medicaid maximum allowable cost (MAC) and the 
standard daily dosage per product labeling. Please note that the relative cost index does not factor in additional 
cost offsets available to the Alabama Medicaid program via pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 

 
Relative Cost Index Scale  
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 
Rx=prescription 

 
Table 8.  Relative Cost of the Insulins 

Generic Name Formulation(s) Example Brand Name(s) Brand 
Cost 

Generic 
Cost 

Rapid-Acting Insulins 
insulin glulisine injection Apidra® $$$$ N/A 
insulin aspart injection NovoLog® $$$$ N/A 
insulin lispro, human 
recombinant analog 

injection Humalog® $$$$ N/A 

Short-Acting Insulins 
insulin, regular, human 
recombinant 

injection, 
inhalation powder 
with inhaler 

Exubera®†, Humulin® R, 
Novolin® R 

$$-$$$ N/A 

Intermediate-Acting Insulins 
insulin, NPH (isophane), 
human recombinant 

injection Humulin® N, Novolin® N $$-$$$ N/A 

Long-Acting Insulins 
insulin detemir injection Levemir® $$$$ N/A 
insulin glargine, human 
recombinant analog 

injection Lantus®, Lantus® Solostar $$$$ N/A 

Combination Insulins, Rapid-Acting and Intermediate-Acting 
insulin aspart and insulin aspart 
protamine 

injection NovoLog® Mix 70/30 $$$$$ N/A 

insulin lispro and insulin lispro 
protamine 

injection Humalog® Mix 50/50, Humalog® 
Mix 75/25 

$$$$-
$$$$$ 

N/A 

Combination Insulins, Short-Acting and Intermediate-Acting 
insulin, regular and insulin, 
NPH, human recombinant 

injection Humulin® 50/50, Humulin® 
70/30, Novolin® 70/30 

$$$ N/A 

No generic products are available in this class. 
NPH=neutral protamine Hagedorn 
N/A=not available. 
†On October 18, 2007, Pfizer announced that this product will no longer be manufactured and as of January 16, 2008, sales will stop.4-5 

 
X. Conclusions 
  

The DCCT and UKPDS have demonstrated that intensive glycemic control with insulin significantly reduces the 
rate of onset and progression of diabetic complications when compared to standard therapy.29-30 Neither trial 
indicated the specific insulin formulations utilized, however in the UKPDS 33, the risk reduction in microvascular 
complications was related more toward tight glycemic control rather than to one specific therapy.30  
 
The primary differences between commercially available insulin products revolve around their onset and duration 
of actions. Because insulin doses and regimens must be individualized to each patient, monotherapy or 
combination therapy with different insulin formulations may be required to achieve adequate glycemic control 
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while minimizing adverse events.28 Over-the-counter (OTC) insulin products, which include short- and 
intermediate-acting preparations, are available on the Alabama Medicaid Preferred Drug List. Rapid- and long-
acting insulin analogs and inhaled insulin are not available OTC. There are no generic formulations within the 
insulin class.  
 
Clinical trials conducted with the newer insulin analogs have shown that they are at least as effective as the older 
insulin formulations. In a meta-analysis of 42 clinical trials in about 8,000 patients, insulin aspart and lispro, both 
rapid-acting insulin analogs, produced comparable lowering of HbA1c levels in patients with type 2 diabetes when 
compared to regular insulin.51 In type 1 diabetics, insulin lispro and aspart produced small but significant 
differences in lowering HbA1c compared to regular insulin. Clinical studies comparing insulin glulisine, a new 
rapid-acting insulin analog, to regular insulin reported similar results with at least comparable reductions in HbA1c 
and a few studies reporting a significantly greater reduction in HbA1c with insulin glulisine compared to regular 
insulin (in type 1 and 2 diabetics).36,45-46 Insulin aspart, glulisine and lispro have been shown to have a more 
favorable postprandial glycemic profile compared to regular insulin in type 1or 2 diabetics.33-34,39,45,49-50 Most trials 
reported comparable rates of hypoglycemia between rapid-acting insulin analogs and regular insulin.31-34,36,40-

43,45,49-51   One trial conducted in over 1,000 type 1 diabetic patients reported a 12% lower incidence of 
hypoglycemia with insulin lispro compared to regular insulin (P<0.001).39 Rayman et al noted significantly lower 
frequencies and monthly rates of severe symptomatic hypoglycemia and nocturnal hypoglycemia in type 2 diabetic 
patients (N=892) with insulin glulisine compared to regular insulin.46 
 
Studies comparing inhaled regular insulin to NPH or regular insulin injections resulted in comparable HbA1c 
reductions but greater reductions in fasting plasma glucose and postprandial glucose levels.53-57 The rates of 
hypoglycemia were comparable53,56-57 or lower54-55 with inhaled insulin. In those studies comparing inhaled insulin 
to oral antidiabetic agents or using it as an adjunct to oral therapy, regimens containing inhaled insulin were found 
to be more favorable in the reduction of HbA1c and lowering of fasting plasma glucose and postprandial glucose 
levels.58-61 However, there was a greater incidence of hypoglycemic episodes with inhaled insulin. Despite these 
favorable results, Pfizer, the manufacturer of the only approved inhaled insulin, announced on October 18, 2007 
that they will be withdrawing the product from the market and that it will no longer be available to patients.4-5 

 
While insulin glargine has been shown to be as effective as NPH insulin in HbA1c reduction, it has been associated 
with significantly lower risks of symptomatic hypoglycemia and nocturnal hypoglycemia. Several studies also 
reported significant improvement in fasting plasma glucose levels in patients with type 1 diabetes with the use of 
insulin glargine in comparison to NPH insulin.72,74,77,79-81 In combination with oral antidiabetic agents, patients 
with type 2 diabetes saw greater reductions in HbA1c with the use of insulin glargine when compared to patients 
taking NPH insulin and oral antidiabetic agents.92-96 Although no significant change was seen in fasting plasma 
glucose, the incidence of hypoglycemia was consistently lower in patients taking a combination of insulin glargine 
and oral antidiabetic agents. Insulin detemir, a new long-acting insulin analog, resulted in comparable or greater 
reductions in HbA1c and fasting plasma glucose levels with lower risk and/or incidence of hypoglycemic episodes 
in several studies comparing insulin detemir to NPH insulin.62-70,83-86 In a study comparing insulin detemir to 
insulin glargine in patients with type 1 diabetes mellitus (N=322), both agents resulted in comparable reductions in 
HbA1c and overall risk of hypoglycemia.71 Administration of insulin glargine resulted in significantly lower home 
measured fasting plasma glucose levels and insulin detemir resulted in lower rates of nocturnal hypoglycemia.  
Additional head-to-head studies are needed to determine if there are any clinically significant differences between 
these agents.   
 
The American Diabetes Association (ADA)/European Association for the Study of Diabetes (EASD)9-10, the 
International Diabetes Federation (IDF)6, the Institute for Clinical Systems Improvement13, and the National 
Institute for Clinical Excellence (NICE)14 do not recommend the use of one insulin formulation over another. The 
general consensus from these guidelines is that insulin regimens must be individualized, taking into consideration 
glycemic goals, lifestyle, and self-monitoring blood glucose results. Current treatment guidelines endorsed by the 
American Association of Clinical Endocrinologists (AACE)11 recommend initiating intensive insulin therapy with 
a long-acting insulin analog in combination with a rapid-acting insulin analog or inhaled insulin at meals, or with a 
continuous subcutaneous insulin infusion for the treatment of type 1 diabetic patients. The 2008 ADA Standards of 
Medical Care in Diabetes include among their recommended therapies the use of multiple insulin injections (3-4 
injections per day of basal and prandial insulin) or continuous subcutaneous insulin infusions, and for many 
patients, especially if hypoglycemia is a problem, the use of insulin analogs.8 
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For the treatment of type 2 diabetic patients naïve to pharmacologic therapy, the AACE notes that insulin may be 
used in special situations in patients with an HbA1c of 7%-8%.11 In patients with an HbA1c of >10%, insulin 
therapy with a rapid-acting insulin analog or inhaled insulin with a long-acting insulin analog or NPH insulin, or 
premixed insulin analogs should be initiated or intensified. For the treatment of type 2 diabetic patients currently 
treated pharmacologically, AACE recommends to add insulin therapy in patients on maximum combination 
therapy (oral-oral, oral-exenatide) whose HbA1c levels are 6.5%-8.5% and to consider initiating basal-bolus insulin 
therapy for patients with an HbA1c of >8.5%. The ACE/AACE Diabetes Road Map for patients with type 2 
diabetes lists basal insulin analogs, prandial insulin, premixed insulin preparations, or NPH insulin as treatment 
options for combination therapy in patients naïve to therapy with an HbA1c 8%-10%.12 In treatment-naïve patients 
with an HbA1c >10%, the Road Map recommends basal insulin analogs, NPH insulin plus prandial insulin, or 
premixed insulin preparations as treatment options. The ACE/AACE Diabetes Road Map notes that when prandial 
insulin and/or premixed insulin preparations are indicated in treatment naïve patients, analog preparations are 
preferred. Combination therapy with basal or premixed insulin analogs are treatment options for type 2 diabetics 
on monotherapy with an initial HbA1c of 6.5%-8.5%. Patients already on combination therapy should have their 
therapy maximized and basal insulin, prandial insulin, basal plus prandial insulin or premixed insulin therapy may 
be added depending on the fasting plasma and postprandial glucose levels. For patients on monotherapy or 
combination therapy with an initial HbA1c of >8.5%, basal-bolus insulin therapy with a long-acting insulin analog 
plus prandial insulin or premixed insulin preparations are recommended in combination with approved oral agents. 
The Road Map also notes that prandial insulin can be added to any therapeutic intervention at any time to address 
persistent postprandial hyperglycemia. 
 
Current evidence has demonstrated that the rapid-acting insulin analogs (insulin aspart, insulin lispro, insulin 
glulisine) are at least as effective as regular insulin injections in terms of HbA1c reduction and have greater 
postprandial glycemic control than the regular insulins. In two studies comparing insulin aspart or insulin glulisine 
to insulin lispro, there were no significant differences in HbA1c reduction, postprandial glycemic profiles, or rates 
of hypoglycemia.37,44 The long-acting insulin analogs (insulin detemir and glargine) have been shown to be at least 
as effective as NPH insulin and are associated with less hypoglycemia. There is insufficient data to determine if 
one long-acting insulin analog offers a significant clinical advantage over the other.  
  
Therefore, all brand products within the class reviewed, with the exception of the rapid-acting and long-acting 
insulin analogs, are comparable to each other and to the generics and over-the-counter products in this class and 
offer no significant clinical advantage over other alternatives in general use. For patients with inadequate 
postprandial glycemic control, however, at least one rapid-acting insulin analog should be available on the 
preferred drug list. At least one long-acting insulin analog should be available on the preferred drug list for 
patients requiring basal insulin therapy.  
 

XI. Recommendations 
  

Alabama Medicaid should work with manufacturers on cost proposals so that at least one brand rapid-acting 
insulin analog is selected as a preferred agent. 

 
Alabama Medicaid should work with manufacturers on cost proposals so that at least one brand long-acting insulin 
analog is selected as a preferred agent. 
 
No brand insulin, with the exception of the rapid- and long-acting insulin analogs, is recommended for preferred 
status. Alabama Medicaid should accept cost proposals from manufacturers to determine cost effective products 
and possibly designate one or more preferred brands.  



 
 

253 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

References   
 
1. Micromedex® Healthcare Series [database on the Internet]. Greenwood Village (CO): Thomson Micromedex; 2007 

[cited 2007 Nov 13]. Available from: http://www.thomsonhc.com/. 
2. Drug Facts and Comparisons 4.0 [database on the Internet]. St. Louis (MO): Wolters Kluwer Health, Inc.; 2007 [cited 

2007 Nov 30]. Available from: http://online.factsandcomparisons.com. 
3. Hormones and synthetic substitutes 68:00, Antidiabetic agents 68:20, Insulins 68:20.08. In: McEvoy GK, editor; 

American Hospital Formulary Service. AHFS drug information 2007 [monograph on the Internet]. Bethesda (MD): 
American Society of Health-System Pharmacists; 2007 [cited 2007 Nov 30]. Available from: http://online.statref.com. 

4. Important Pfizer announcement regarding Exubera® [Internet]. New York (NY): Pfizer Inc, 2007 Oct 18 [cited 2007 
Dec 10]. Available from: https://www.pfizerpro.com/brands/exubera.jsp. 

5. Fezcko, Joseph, MD (Chief Medical Officer, Pfizer Inc). At 6:30 a.m. eastern standard time on Thursday October 18, 
Pfizer announced that it will be returning the worldwide rights to Exubera (insulin human [rDNA origin] Inhalation 
Powder). Letter to: Dear healthcare providers [letter on the Internet]. New York (NY): Pfizer Inc, 2007 Oct 18 [cited 
2007 Dec 10]. Available from: https://www.pfizerpro.com/patient_education/exubera_dear_doctor_letter.pdf. 

6. International Diabetes Federation (IDF) Clinical Guidelines Task Force. Global guideline for type 2 diabetes [guideline 
on the Internet]. Brussels (Belgium): International Diabetes Federation, 2005 [cited 2007 Nov 12]. Available from: 
http://www.idf.org/webdata/docs/IDF%20GGT2D.pdf. 

7. International Diabetes Federation (IDF). Guideline for management of postmeal glucose [guideline on the Internet]. 
Brussels (Belgium): International Diabetes Federation, 2007 [cited 2007 Nov 29] Available from: 
http://www.idf.org/webdata/docs/Guideline_PMG_final.pdf. 

8. American Diabetes Association. Standards of medical care in diabetes—2008 [guideline on the Internet]. Diabetes 
Care. 2008 Jan [cited 2008 Jan 10];31 Suppl 1:S12-54. Available from: 
http://care.diabetesjournals.org/content/vol31/Supplement_1/.  

9. Nathan DM, Buse JB, Davidson MB, Heine RJ, et al. Management of hyperglycemia in type 2 diabetes: a consensus 
algorithm for the initiation and adjustment of therapy: a consensus statement from the American Diabetes Association 
and the European Association for the Study of Diabetes. Diabetes Care. 2006 Aug;29(8):1963-72. 

10. Nathan DM, Buse JB, Davidson MB, Ferrannini E, Holman RR, Sherwin R, Zinman B. Management of 
hyperglycaemia in type 2 diabetes mellitus: a consensus algorithm for the initiation and adjustment of therapy: Update 
regarding the thiazolidinediones. Diabetologia. 2008 Jan;51(1):8-11. 

11. AACE Diabetes Mellitus Clinical Practice Guidelines Task Force. American Association of Clinical Endocrinologists 
medical guidelines for clinical practice for the management of diabetes mellitus: Endocr Pract. 2007 May-Jun [cited 
2007 Nov 12];13(Suppl 1):1-68. Available from: http://www.aace.com/pub/pdf/guidelines/DMGuidelines2007.pdf. 

12. Jellinger PS, Davidson JA, Blonde L, Einhorn D, Grunberger G, Handelsman Y, et al; ACE/AACE Diabetes Road 
Map Task Force. Road maps to achieve glycemic control in type 2 diabetes mellitus: ACE/AACE Diabetes Road Map 
Task Force [guideline on the Internet]. Endocr Pract. 2007 May-Jun [cited 2007 Sep 14];13(3):260-8. Available from: 
http://www.aace.com/pub/roadmap/index.php. 

13. Institute for Clinical Systems Improvement (ICSI). Healthcare guideline: management of type 2 diabetes mellitus 
[guideline on the Internet]. 11th ed. Bloomington (MN): Institute for Clinical Systems Improvement; 2006 Nov [cited 
2007 Nov 12]. Available from: 
http://www.icsi.org/diabetes_mellitus__type_2/management_of_type_2_diabetes_mellitus__9.html.  

14. National Institute for Clinical Excellence (NICE), The Royal College of General Practitioners. Clinical guidelines for 
type 2 diabetes: management of blood glucose. Sheffield (UK): ScHARR, University of Sheffield; 2002 Sep [updated 
2005 Sep; cited 2007 Nov 12]. Available from: 
http://www.nice.org.uk/guidance/index.jsp?action=download&o=29000. 

15. National Institute for Clinical Excellence, National Collaborating Centre for Women’s and Children’s Health and the 
National Collaborating Centre for Chronic Conditions. Type 1 diabetes: diagnosis and management of type 1 diabetes 
in children, young people and adults [guideline on the Internet]. London (UK): National Institute for Clinical 
Excellence (NICE); 2004 Jul [cited 2007 Nov 12]. Available from: 
http://www.nice.org.uk/guidance/index.jsp?action=download&o=29390. 

16. Novolog® [package insert]. Princeton (NJ): Novo Nordisk Inc.; 2007 Jan. 
17. Apidra® [package insert]. Bridgewater (NJ): sanofi-aventis; 2007 Apr. 
18. Humalog® [package insert]. Indianapolis (IN): Eli Lilly and Company; 2007 Sept. 
19. Exubera® [package insert]. New York (NY): Pfizer Inc.; 2006 Jan. 
20. Humulin® R [package insert]. Indianapolis (IN): Eli Lilly and Company; 2007 Apr. 
21. Levemir® [package insert]. Princeton (NJ): Novo Nordisk Inc.; 2005 Jun. 



 
 

254 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

22. Lantus® [package insert]. Bridgewater (NJ): sanofi-aventis; 2007 Mar. 
23. Humalog® Mix 50/50 [package insert]. Indianapolis (IN): Eli Lilly and Company; 2007 Sept. 
24. Humalog® Mix 75/25 [package insert]. Indianapolis (IN): Eli Lilly and Company; 2007 Sept. 
25. Novolog® Mix 70/30 [package insert]. Princeton (NJ): Novo Nordisk Inc.; 2007 Jul. 
26. Humulin® 50/50 [package insert]. Indianapolis (IN): Eli Lilly and Company; 2007 Aug. 
27. Humulin® 70/30 [package insert]. Indianapolis (IN): Eli Lilly and Company; 2007 Aug. 
28. American Diabetes Association. Insulin administration. Diabetes Care. 2004;27 Suppl 1:S106-9.  
29. The Diabetes Control and Complications Trial Research Group. The effect of intensive treatment of diabetes on the 

development and progression of long-term complications in insulin-dependent diabetes mellitus. N Engl J Med. 
1993;329(14):977-86.  

30. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control with sulphonylureas or insulin 
compared with conventional treatment and risk of complications in patients with type 2 diabetes (UKPDS 33). Lancet. 
1998 Sep 12;352(9131):837-53. 

31. Home PD, Hallgren P, Usadel KH, Sane T, Faber J, Grill V, et al. Pre-meal insulin aspart compared with pre-meal 
soluble human insulin in type 1 diabetes. Diabetes Clin Res Pract. 2006 Feb;71(2):131-9. 

32. Mortensen H, Kocova M, Teng LY, Keiding J, Bruckner I, Philotheou A. Biphasic insulin aspart vs human insulin in 
adolescents with type 1 diabetes on multiple daily insulin injections. Pediatr Diabetes. 2006 Feb;7(1):4-10. 

33. Chen JW, Lauritzen T, Bojesen A, Christiansen JS. Multiple mealtime administration of biphasic insulin aspart 30 
versus traditional basal-bolus human insulin treatment in patients with type 1 diabetes. Diabetes Obes Metab. 2006 
Nov;8(6):682-9. 

34. Raskin P, Guthrie RA, Leiter L, Riis A, Jovanovic L. Use of insulin aspart, a fast-acting insulin analog, as the mealtime 
insulin in the management of patients with type 1 diabetes. Diabetes Care. 2000;23(5):583-8. 

35. Mathiesen ER, Kinsley B, Amiel SA, Heller S, McCance D, Duran S, et al. Maternal glycemic control and 
hypoglycemia in type 1 diabetic pregnancy. Diabetes Care. 2007 Apr;30(4):771-6. 

36. Garg SK, Rosenstock J, Ways K. Optimized Basal-bolus insulin regimens in type 1 diabetes: insulin glulisine versus 
regular human insulin in combination with Basal insulin glargine. Endocr Pract. 2005;11(1):11-7. 

37. Dreyer M, Prager R, Robinson A, Busch K, Ellis G, Souhami E, et al. Efficacy and safety of insulin glulisine in 
patients with type 1 diabetes. Horm Metab Res. 2005;37(11):702-7. 

38. Rave K, Klein O, Frick AD, Becker RHA. Advantage of premeal-injected insulin glulisine compared with regular 
human insulin in subjects with type 1 diabetes. Diabetes Care. 2006 Aug;29(8):1812-7. 

39. Anderson JH Jr, Brunelle RL, Koivisto VA, Pfutzner A, et al. Reduction of postprandial hyperglycemia and frequency 
of hypoglycemia in IDDM patients on insulin-analog treatment. Multicenter Insulin Lispro Study Group. Diabetes. 
1997;46(2):265-70. 

40. Fairchild JM, Amber GR, Genoud-Lawton CH, Westman EA, Chan A, Howard NJ, et al. Insulin lispro versus regular 
insulin in children with type 1 diabetes on twice daily insulin. Pediatr Diabetes. 2000 Sep;1(3):135-41. 

41. Colquitt J, Royle P, Waugh N. Are analogue insulins better than soluble in continuous subcutaneous insulin infusion? 
Results of a meta-analysis. Diabet Med. 2003;20(10):863-6. 

42. McSorley PT, Bell PM, Jacobsen LV, Kristensen A, Lindholm A. Twice-daily biphasic insulin aspart 30 versus 
biphasic human insulin 30: a double-blind crossover study in adults with type 2 diabetes mellitus. Clin Ther. 2002 
Apr;24(4):530-9. 

43. Bretzel RG, Arnolds S, Medding J, Linn T. A direct efficacy and safety comparison of insulin aspart, human soluble 
insulin, and human premix insulin (70/30) in patients with type 2 diabetes. Diabetes Care. 2004 May;27(5):1023-7. 

44. Niskanen L, Jensen LE, Rastam J, Nygaard-Pedersen L, Erichsen K, Vora JP. Randomized, multinational, open-label, 
2-period, crossover comparison of biphasic insulin aspart 30 and biphasic insulin lispro 25 and pen devices in adult 
patients with type 2 diabetes mellitus. Clin Ther. 2004;26(4):531-40. 

45. Dailey G, Rosenstock J, Moses RG, Ways K. Insulin glulisine provides improved glycemic control in patients with 
type 2 diabetes. Diabetes Care. 2004;27(10):2363-8. 

46. Rayman G, Profozic V, Middle M. Insulin glulisine imparts effective glycaemic control in patients with type 2 
diabetes. Diabetes Res Clin Pract. 2007;76:304-12. 

47. Rosenstock J, Ahmann AJ, Colon G, Scism-Bacon J, Jiang H, Martin S. Advancing insulin therapy in type 2 diabetes, 
previously treated with glargine plus oral agents: prandial premixed (insulin lispro protamine suspension/lispro) vs 
basal/bolus (glargine/lispro) therapy. Diabetes Care. 2008 Jan;31(1):20-5. 

48. Korytkowski M, Bell D, Jacobsen C, Suwannasari R, and the FlexPen Study Team. A multicenter, randomized, open-
label, comparative, two-period crossover trial of preference, efficacy, and safety profiles of a prefilled disposable pen 
and conventional vial/syringe for insulin injection in patients with type 1 or 2 diabetes mellitus. Clin Ther. 
2003;25(11):2836-48. 



 
 

255 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

49. Vignati L, Anderson JH Jr, Iversen PW. Efficacy of insulin lispro in combination with NPH human insulin twice per 
day in patients with insulin-dependent or non-insulin-dependent diabetes mellitus. Multicenter Insulin Lispro Study 
Group. Clin Ther. 1997;19(6):1408-21. 

50. Anderson JH Jr, Brunelle RL, Koivisto VA, Trautmann ME, Vignati L, DiMarchi R. Improved mealtime treatment of 
diabetes mellitus using an insulin analogue. Multicenter Insulin Lispro Study Group. Clin Ther. 1997;19(1):62-72. 

51. Plank J, Siebenhofer A, Berghold A, Jeitler K, et al. Systematic review and meta-analysis of short-acting insulin 
analogues in patients with diabetes mellitus. Arch Intern Med. 2005;165(12):1337-44. 

52. Siebenhofer A, Plank J, Berghold A, Jeitler K, Horvath K, Narath M, et al. Short-acting insulin analogues versus 
regular human insulin in patients with diabetes mellitus (review). Cochrane Database Syst Rev. 2006 Apr 
19;(2):CD003287. 

53. Norwood P, Dumas R, Cefalu W, Yale JF, England R, Riese R, et al. Randomized study to characterize glycemic 
control and short-term pulmonary function in patients with type 1 diabetes receiving inhaled human insulin (Exubera). 
J Clin Endocrinol Metab. 2007 June;92(6):2211-4. 

54. Quattrin T, Bélanger A, Bohannon NJV, Schwartz SL; Exubera Phase III Study Group. Efficacy and safety of inhaled 
insulin (Exubera) compared with subcutaneous insulin therapy in patients with type 1 diabetes: results of a 6-month, 
randomized, comparative trial. Diabetes Care. 2004 Nov;27(11):2622-7. 

55. Skyler JS, Weinstock RS, Raskin P, Yale JF, Barrett E, Gerich JE, et al; Inhaled Insulin Phase III Type 1 Diabetes 
Study Group. Use of inhaled insulin in a basal/bolus insulin regimen in type 1 diabetic subjects: a 6-month, 
randomized, comparative trial. Diabetes Care. 2005 July;28(7):1630-5. 

56. Skyler JS, Jovanovic L, Klioze S, Reis J, Duggan W. Two-year safety and efficacy of inhaled human insulin (Exubera) 
in adult patients with type 1 diabetes. Diabetes Care. 2007 Mar;30(3):579-85. 

57. Hollander PA, Blonde L, Rowe R, Mehta AE, Milburn JL, Hershon KS, et al. Efficacy and safety of inhaled insulin 
(Exubera) compared with subcutaneous insulin therapy in patients with type 2 diabetes: results of a 6-month, 
randomized, comparative trial. Diabetes Care. 2004 Oct;27(10):2356-62. 

58. DeFronzo RA, Bergenstal RM, Cefalu WT, Pullman J, Lerman S, Bode BW, et al; Exubera Phase III Study Group. 
Efficacy of inhaled insulin in patients with type 2 diabetes not controlled with diet and exercise. Diabetes Care. 2005 
Aug;28(8):1922-8. 

59. Weiss SR, Cheng SL, Kourides IA, Gelfand RA, Landschulz WH; Inhaled Insulin Phase II Study Group. Inhaled 
insulin provides improved glycemic control in patients with type 2 diabetes mellitus inadequately controlled with oral 
agents : a randomized controlled trial. Arch Intern Med. 2003 Oct;163:2277-82. 

60. Barnett AH, Dreyer M, Lange P, Serdarevic-Pehar M. An open, randomized, parallel-group study to compare the 
efficacy and safety profile of inhaled human insulin (Exubera) with glibenclamide as adjunctive therapy in patients 
with type 2 diabetes poorly controlled on metformin. Diabetes Care. 2006 Aug;29(8):1818-25. 

61. Barnett AH, Dreyer M, Lange P, Serdarevic-Pehar M. An open, randomized, parallel-group study to compare the 
efficacy and safety profile of inhaled human insulin (Exubera) with metformin as adjunctive therapy in patients with 
type 2 diabetes poorly controlled on a sulfonylurea. Diabetes Care. 2006 Nov;29(6):1282-7. 

62. Vague P, Selam JL, Skeie S, De Leeuw I, Elte JW, Haahr H, Kristensen A, Draeger E. Insulin detemir is associated 
with more predictable glycemic control and reduced risk of hypoglycemia than NPH insulin in patients with type 1 
diabetes on a basal-bolus regimen with premeal insulin aspart. Diabetes Care. 2003; 26(3):590-6. 

63. Hermansen K, Fontaine P, Kukolja KK, Peterkova V, Leth G, Gall MA. Insulin analogues (insulin detemir and insulin 
aspart) versus traditional human insulins (NPH insulin and regular human insulin) in basal-bolus therapy for patients 
with type 1 diabetes. Diabetologia. 2004;47(4):622-9. 

64. Home P, Bartley P, Russell-Jones D, Hanaire-Broutin H, Heeg JE, Abrams P, et al. Insulin detemir offers improved 
glycemic control compared with NPH insulin in people with type 1 diabetes. Diabetes Care. 2004 May;27(5):1081-7. 

65. Russell-Jones D, Simpson R, Hylleberg B, Draeger E, Bolinder J. Effects of QD insulin detemir or neutral protamine 
Hagedorn on blood glucose control in patients with type 1 diabetes mellitus using a basal-bolus regimen. Clin Ther. 
2004 May;26(5):724-36. 

66. Standl E, Lang H, Roberts A. The 12-month efficacy and safety of insulin detemir and NPH insulin in basal-bolus 
therapy for the treatment of type 1 diabetes. Diabetes Technol Ther. 2004;6(5):579-88. 

67. De Leeuw I, Vague P, Selam JL, Skeie S, Lang H, Draeger E, Elte JW. Insulin detemir used in basal-bolus therapy in 
people with type 1 diabetes is associated with a lower risk of nocturnal hypoglycaemia and less weight gain over 12 
months in comparison to NPH insulin. Diabetes Obes Metab. 2005;7(1):73-82. 

68. Pieber TR, Draeger E, Kristensen A, Grill V. Comparison of three multiple injection regimens for type 1 diabetes: 
morning plus dinner or bedtime administration of insulin detemir vs morning plus bedtime NPH insulin. Diabet Med. 
2005;22(7):850-7. 



 
 

256 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

69. Kølendorf K, Ross GP, Pavlic-Renar I, Perriello G, et al. Insulin detemir lowers the risk of hypoglycemia and provides 
more consistent plasma glucose levels compared with NPH insulin in Type 1 diabetes. Diabet Med. 2006;23(7):729-35.  

70. Robertson KJ, Schoenle E, Gucev Z, Mordhorst L, Gall MA, Ludvigsson J. Insulin detemir compared with NPH 
insulin in children and adolescents with type 1 diabetes. Diabet Med. 2007;24:27-34. 

71. Pieber TR, Treichel HC, Hompesch B, Philotheou A, Mordhorst L, Gall MA, et al. Comparison of insulin detemir and 
insulin glargine in subjects with type 1 diabetes using intensive insulin therapy. Diabet Med. 2007 Jun;24(6):635-42. 

72. Ratner RE, Hirsch IB, Neifing JL, Garg SK, Mecca TE, Wilson CA. Less hypoglycemia with insulin glargine in 
intensive insulin therapy for type 1 diabetes. U.S. Study Group of Insulin Glargine in Type 1 Diabetes. Diabetes Care. 
2000;23(5):639-43. 

73. Tan CY, Wilson DM, Buckingham B. Initiation of insulin glargine in children and adolescents with type 1 diabetes. 
Pediatr Diabetes. 2004 Jun;5(2):80-6. 

74. Ashwell SG, Amiel SA, Biloust RW, Dashora U, Heller SR, Hepburn DA, et al. Improved glycaemic control with 
insulin glargine plus insulin lispro: a multicentre, randomized, cross-over trial in people with type 1 diabetes. Diabet 
Med. 2006 Mar;23(3):285-92. 

75. Herwig J, Scholl-Schilling G, Böhles H. Glycaemic control and hypoglycaemia in children, adolescents and young 
adults with unstable type 1 diabetes mellitus treated with insulin glargine or intermediate-acting insulin. J Pediatr 
Endocrinol Metab. 2007 Apr;20(4):517-25. 

76. Kudva YC, Basu A, Jenkins GD, Pons GM, Vogelsang DA, Rizza RA, et al. Glycemic variation and hypoglycemia 
inpatients with well-controlled type 1 diabetes on a multiple daily insulin injection program with use of glargine and 
ultralente as basal insulin [abstract]. Endocr Pract. 2007 May-Jun;13(3):244-50. 

77. Chatterjee S, Jarvis-Kay J, Rengarajan T, Lawrence IG, McNally PG, Davies MJ. Glargine versus NPH insulin: 
efficacy in comparison with insulin aspart in a basal bolus regimen in type 1 diabetes-the glargine and aspart study 
(GLASS) a randomized cross-over study. Diabetes Res Clin Pract. 2007 Aug;77(2):215-22. 

78. Manini R, Forlani G, Moscatiello S, Zannoni C, Marzocchi R, Marchesini G. Insulin glargine improves glycemic 
control and health-related quality of life in type 1 diabetes [abstract]. Nutr Metab Cardiovasc Dis. 2007 Sept;17(7):493-
8. 

79. Rosenstock J, Park G, Simmerman J. Basal insulin glargine (HOE 901) versus NPH insulin in patients with type 1 
diabetes on multiple daily insulin regimens. Diabetes Care. 2000 Aug;23(8):1137-42. 

80. Rossetti P, Pampanelli S, Fanelli C, Porcellati F, Costa E, Torlone E, et al. Intensive replacement of basal insulin in 
patients with type 1 diabetes given rapid-acting insulin analog at mealtime. Diabetes Care. 2003 Mar;26(5):1490-6. 

81. Pesić M, Zivić S, Radenković S, Velojić M, Dimić D, Antić S. Comparison between basal insulin glargine and NPH 
insulin in patients with diabetes type 1 on conventional intensive insulin therapy [abstract]. Vojnosanit Pregl. 2007 
April;64(4):247-52.  

82. Ahern JAH, Boland EA, Doane R, Ahern JJ, Rose P, Vincent M, et al. Insulin pump therapy in pediatrics: a therapeutic 
alternative to safely lower HbA1c levels across all age groups. Pediatr Diabetes. 2002 Mar;3(1):10-5. 

83. Haak T, Tiengo A, Draeger E, Suntaum M, Waldhausl W. Lower within-subject variability of fasting blood glucose 
and reduced weight gain with insulin detemir compared to NPH insulin in patients with type 2 diabetes. Diabetes Obes 
Metab. 2005 Jan;7(1):56-64. 

84. Philis-Tsimikas A, Charpentier G, Clauson P, Ravn GM, Roberts VL, Thorsteinsson B. Comparison of once-daily 
insulin detemir with NPH insulin added to a regimen of oral antidiabetic drugs in poorly controlled type 2 diabetes. 
Clin Ther. 2006 Oct;28(10):1569-81. 

85. Garber AJ, Clauson P, Pedersen CB, Kølendorf K. Lower risk of hypoglycemia with insulin detemir than with neutral 
protamine Hagedorn insulin in older persons with type 2 diabetes: a pooled analysis of phase III trials. J Am Geriatr 
Soc. 2007 Nov;55(11):1735-40. 

86. Raslová K, Tamer SC, Clauson P, Karl D. Insulin detemir results in less weight gain than NPH insulin when used in 
basal-bolus therapy for type 2 diabetes mellitus, and this advantage increases with baseline body mass index. Clin Drug 
Investig. 2007;27(4):279-85. 

87. Rosenstock J, Dailey G, Massi-Benedetti M, Fritsche A, Lin Z, Salzman A. Reduced hypoglycemia risk with insulin 
glargine: a meta-analysis comparing insulin glargine with human NPH insulin in type 2 diabetes. Diabetes Care. 
2005;28(4):950-5. 

88. Siegmund T, Weber S, Blankenfeld H, Oeffner A, Schumm-Draeger PM. Comparison of insulin glargine versus NPH 
insulin in people with type 2 diabetes mellitus under outpatient-clinic conditions for 18 months using a basal-bolus 
regimen with a rapid-acting insulin analogue as mealtime insulin. Exp Clin Endocrinol Diabetes. 2007 Jun;115(6):349-
53. 



 
 

257 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

89. Horvath K, Jeitler K, Berghold A, Ebrahim SH, Gratzer TW, Plank J, et al. Long-acting insulin analogues versus NPH 
insulin (human isophane insulin) for type 2 diabetes mellitus. Cochrane Database Sys Rev. 2007 Apr 
18;(2):CD005613. 

90. Hermansen K, Davies M, Derezinski T, Martinez Ravn G, Clauson P, Home P. A 26-week, randomized, parallel, treat-
to-target trial comparing insulin detemir with NPH insulin as add-on therapy to oral glucose-lowering drugs in insulin-
naive people with type 2 diabetes. Diabetes Care. 2006;29(6):1269-74. 

91. Meneghini LF, Rosenberg KH, Koenen C, Merilainen MJ, Lükkeke HJ. Insulin detemir improves glycaemic control 
with less hypoglycaemia and no weight gain in patients with type 2 diabetes who were insulin naïve or treated with 
NPH or insulin glargine: clinical practice experience from a German subgroup of the PREDICTIVE study. Diabetes 
Obes Metab. 2007 May;9(3):418-27. 

92. Fritsche A, Schweitzer MA, Häring HU. Glimepiride combined with morning insulin glargine, bedtime neutral 
protamine Hagedorn insulin, or bedtime insulin glargine in patients with type 2 diabetes. Ann Intern Med. 2003 
June;138(12):952-9. 

93. Yki-Järvinen H, Dressler A, Ziemen M. Less nocturnal hypoglycemia and better post-dinner glucose control with 
bedtime insulin glargine compared with bedtime NPH insulin during insulin combination therapy in type 2 diabetes. 
Diabetes Care. 2000 Aug;23(8):1130-6. 

94. Riddle MC, Rosenstock J, Gerich J. The treat-to-target trial: randomized addition of glargine or human NPH insulin to 
oral therapy of type 2 diabetic patients. Diabetes Care. 2003 Nov;26(11):3080-6. 

95. Eliaschewitz FG, Calvo C, Valbuena H, Ruiz M, Aschner P, Villena J, et al; HOE 901/4013 LA Study Group. Therapy 
in type 2 diabetes: insulin glargine vs NPH insulin both in combination with glimepiride. Arch Med Res. 2006 
May;37(4):495-501. 

96. Yki-Järvinen H, Kauppinen-Mäkelin RK, Tiikkainen M, Vähätalo M, Virtamo H, Nikkilä K, et al. Insulin glargine or 
NPH combined with metformin in type 2 diabetes: the LANMET study. Diabetologia. 2006 Mar;49(3):442-51.  

97. Pan CY, Sinnassamy P, Chung KD, Kim KW; LEAD Study Investigators Group. Insulin glargine versus NPH insulin 
therapy in Asian type 2 diabetes patients. Diabetes Res Clin Pract. 2007 Apr;76(1):111-8. 

98. Yamada S, Watanabe M, Kitaoka A, Shiono K, Atsuda K, Tsukamoto Y, et al. Switching from premixed human 
insulin to premixed insulin lispro: a prospective study comparing the effects on glucose control and quality of life. 
Intern Med. 2007;46(18):1513-7. 

99. Sharma SK, Min KW, Azar ST. Transferring type 2 diabetes patients with uncontrolled glycaemia from biphasic 
human insulin to biphasic insulin aspart 30: experiences from the PRESENT study [abstract]. Curr Med Res Opin. 
2007 Nov 14 [Epub ahead of print]. 

100. Yokoyama H, Tada J, Kamikawa F, Kanno S, Yokota U, Kuramitsu M. Efficacy of conversion from bedtime NPH 
insulin to morning insulin glargine in type 2 diabetic patients on basal-prandial insulin therapy. Diabetes Res Clin 
Pract. 2006 Jul;73(1):35-40. 

101. Kanazawa Y, Igarashi Y, Komiya K, Sakurai Y, Shimizu T, Fujitani Y, et al. Long-term efficacy of insulin glargine 
after switching from NPH insulin as intensive replacement of basal insulin in Japanese diabetes mellitus. Comparison 
of efficacy between type 1 and type 2 diabetes (JUN-LAN study 1). Endocr J. 2007 Nov 14 [Epub ahead of print]. 

102. Dornhorst A, Lüddeke HJ, Koenen C, Meriläinen M, King A, Robinson A, et al. Transferring to insulin detemir from 
NPH insulin or insulin glargine in type 2 diabetes patients on basal-only therapy with oral antidiabetic drugs improves 
glycaemic control and reduces weight gain and risk of hypoglycaemia: 14-week follow-up data from PREDICTIVETM . 
Diabetes Obes Metab. 2008 Jan;10(1):75-81. 

 
 



 
 

258 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Alabama Medicaid Agency 
Pharmacy and Therapeutics Committee Meeting 

Pharmacotherapy Review of Meglitinides 
AHFS Class 682016 
February 20, 2008 

 
 

I. Overview 
 

The meglitinides class consists of two agents, nateglinide and repaglinide.1 Meglitinides are short-acting, 
insulinotropic antidiabetic agents and are Food and Drug Administration (FDA) approved as adjunct to diet and 
exercise either alone or in combination with metformin or a thiazolidinedione for the treatment of type 2 diabetes 
mellitus.1-3 Like the sulfonylureas, they stimulate the release of insulin from the pancreas and for this reason these 
two classes of drugs are often referred to as insulin secretagogues. However, meglitinides are structurally unrelated 
to sulfonylureas and do not have cross-allergenicity with sulfonamide drugs. Like the sulfonylureas, the 
meglitinides lower blood glucose concentrations by augmenting endogenous insulin secretion from the pancreas in 
response to meals and their hypoglycemic activity is dependent upon functioning β cells in the pancreatic islets 
cells.1 Meglitinides stimulate the release of insulin from the pancreas by interacting with the adenosine 
triphosphate (ATP)-sensitive potassium channels, producing a calcium influx and insulin secretion. Insulin release 
is glucose-dependent and diminishes at low glucose concentrations.2-3 Nateglinide and repaglinide are 
antihyperglycemic agents which improve glucose tolerance in patients with type 2 diabetes, lowering postprandial 
plasma glucose.13-29 The meglitinides share a similar dosing schedule and half-life.4 In addition, this class of 
medication has also been referred to as the “glinides”.  
 
The meglitinides that are included in this review are listed in Table 1. This review encompasses all dosage forms 
and strengths. There are no generic formulations in this class. 

 
Table 1.  Meglitinides Included in this Review 

Generic Name Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
nateglinide tablet Starlix® Starlix® 
repaglinide tablet Prandin® none 
No generic products are available in this class. 

 
II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current treatment guidelines using the meglitinides are listed in Table 2. In addition to the incorporation of the 
meglitinides in the treatment guidelines endorsed by the International Diabetes Federation (IDF)5, the recently 
published IDF guidelines for the management of postmeal glucose6 also include the meglitinides (glinides) as an 
available treatment option, along with the α-glucosidase inhibitors, amylin analogs, dipeptidyl peptidase-4 (DPP-
4) inhibitors, exenatide, and insulins for postmeal glucose management. For a more comprehensive overview of 
the treatment of diabetes, please refer to the Appendix. 

 
Table 2.  Treatment Guidelines Using the Meglitinides 

Clinical Guideline Recommendation(s) 
American Diabetes Association 
(ADA):  
Standards of Medical Care in 
Diabetes—20087 

Prevention of Type 2 Diabetes 
• Metformin should be the only drug considered for use in diabetes prevention. For other 

drugs, issues of side effects and lack of persistence of effect in some studies led the 
panel to not recommend their use for diabetes prevention. 

• In addition to lifestyle counseling, metformin may be considered in those who are at 
very high risk and who are obese and under 60 years of age. 

 
Treatment of Type 2 Diabetes 
• Please see the following guideline (2006) and consensus statement update (2008) by 

the American Diabetes Association (ADA)/European Association for the Study of 
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Clinical Guideline Recommendation(s) 
Diabetes (EASD).  

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD): 
Management of Hyperglycemia 
in Type 2 Diabetes: A 
Consensus Algorithm for the 
Initiation and Adjustment of 
Therapy (2006)8 

• There is insufficient data to support recommending one class of agents or a 
combination of medications over others with regards to effects on complications. 

• Metformin, along with lifestyle intervention, should be the initial pharmacologic 
therapy in the absence of specific contraindications, when lifestyle intervention fails to 
achieve or maintain metabolic goals. 

• The guideline states that α-glucosidase inhibitors, exenatide, meglitinides, and 
pramlintide were not included in the treatment algorithm due to their generally lower 
overall glucose-lowering effectiveness and limited clinical data. However, these agents 
may be appropriate in selected patients. 

• When rapid-acting or short-acting insulins are started, insulin secretagogues 
(meglitinides or sulfonylureas) should be discontinued, or tapered and then 
discontinued.  

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD):  
Management of Hyperglycemia 
in Type 2 Diabetes Mellitus: A 
Consensus Algorithm for the 
Initiation and Adjustment of 
Therapy: Update Regarding the 
Thiazolidinediones (2008)9 

• The guideline states that α-glucosidase inhibitors, exenatide, meglitinides, pramlintide, 
and sitagliptin were not included in the treatment algorithm due to their generally 
lower overall glucose-lowering effectiveness and limited clinical data. However, these 
agents may be appropriate in selected patients. 

American Association of Clinical 
Endocrinologists (AACE):  
Medical Guidelines for Clinical 
Practice for the Management of 
Diabetes Mellitus (2007)10 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, initiate monotherapy with α-glucosidase 

inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors, metformin, secretagogues 
(meglitinides or sulfonylureas) or thiazolidinediones. 

• In patients with an HbA1c of 7%-8%, initiate combination therapy. Regimens may 
include a secretagogue with an α-glucosidase inhibitor, metformin (concurrent therapy 
or fixed-dose regimens), a thiazolidinedione (concurrent therapy or fixed-dose 
regimens) or metformin plus a thiazolidinedione. 

• In patients with an HbA1c of 8%-10%, initiate/intensify combination therapy to address 
fasting and postprandial glucose levels. 

 
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• The combination therapies listed for patients naïve to therapy are appropriate for 

patients being treated pharmacologically.  
• Additionally, exenatide may be combined with approved oral therapies, including 

metformin and metformin plus a secretagogue in patients who have not achieved 
glycemic goals. 

American College of 
Endocrinologists 
(ACE)/American Association of 
Clinical Endocrinologists 
(AACE), Diabetes Road Map 
Task Force:  
Road Maps to Achieve 
Glycemic Control in Type 2 
Diabetes (2007)11 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, meglitinides are considered an alterative for 

patients not able to take initial therapy (α-glucosidase inhibitors, dipeptidyl peptidase-
4 [DPP-4] inhibitors, metformin or thiazolidinediones). 

• In patients with an HbA1c of 7%-8%, meglitinides may be combined with an α-
glucosidase inhibitor, a DPP-4 inhibitor, metformin, a sulfonylurea, or a 
thiazolidinedione to achieve glycemic goals. Two or more agents may be required. 

• In patients with an HbA1c of 8%-9%, meglitinides may be combined with a basal 
insulin analog, a DPP-4 inhibitor, metformin, NPH insulin, a prandial insulin, 
premixed insulin preparations, a sulfonylurea, a thiazolidinedione or other approved 
combinations to achieve glycemic goals. 

• In patients with an HbA1c of 9%-10%, meglitinides may be combined with a basal 
insulin analog, metformin, NPH insulin, a prandial insulin, premixed insulin 
preparations, a sulfonylurea, a thiazolidinedione or other approved combinations to 
achieve glycemic goals. 
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Clinical Guideline Recommendation(s) 
  
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• In patients with an HbA1c of 6.5%-8.5%, a meglitinide may be added to metformin to 

achieve glycemic goals. 
International Diabetes Federation 
(IDF) Clinical Guidelines Task 
Force:  
Global Guideline for Type 2 
Diabetes (2005)5 

• Sulfonylureas should be considered when metformin fails or as first-line therapy in 
nonoverweight patients. 

• When glucose concentrations are not controlled to target levels, peroxisome 
proliferator-activated receptor (PPAR)-γ agonists (thiazolidinediones) may be added to 
metformin as an alternative to sulfonylureas, added to a sulfonylurea when metformin 
is contraindicated, or used in addition to metformin/sulfonylurea combination therapy. 

• The meglitinides are not considered to be first-line therapy, but may be useful as an 
alternative to sulfonylureas in some insulin-sensitive people with flexible lifestyles.  

Institute for Clinical Systems 
Improvement (ICSI):  
Healthcare Guideline: 
Management of Type 2 Diabetes 
Mellitus (2006)12 

• Sulfonylureas and thiazolidinediones are acceptable secondary choices to metformin. 
• Combination therapy with oral agents may be required to achieve goals. 
• The meglitinides are included among the choices of agents. 

National Institute for Health and 
Clinical Excellence (NICE): 
Clinical Guidelines for Type 2 
Diabetes: Management of Blood 
Glucose (2002)13 

• Insulin secretagogues (meglitinides and sulfonylureas) should be considered a first-line 
treatment choice in nonoverweight patients or when metformin is not tolerated or 
contraindicated. 

• Insulin secretagogues should be used in combination with metformin in overweight 
patients when glucose control is unsatisfactory. 

 
III. Indications 

 
FDA-approved indications for the meglitinides are noted in Table 3. While agents within this therapeutic class 
may have demonstrated positive activity via in vitro trials, the clinical significance of this activity remains 
unknown until fully demonstrated in well-controlled, peer-reviewed in vivo clinical trials. As such, this review and 
the recommendations are based exclusively upon the results of such clinical trials. 
 

Table 3.  FDA-Approved Indications for the Meglitinides2-3 
Indication(s) Nateglinide† Repaglinide† 

Monotherapy as adjunct to diet and exercise in patients with type 2 diabetes  a* a 
Combination therapy with metformin or a thiazolidinedione in patients with type 2 diabetes 
whose hyperglycemia cannot be adequately controlled with metformin or after a therapeutic 
response to a thiazolidinedione; should not be added or switched to patients whose 
hyperglycemia is not adequately controlled with glyburide or other insulin secretagogues  

a  

Combination therapy with metformin or thiazolidinediones to lower blood glucose in patients 
with type 2 diabetes whose hyperglycemia cannot be controlled by diet and exercise plus 
monotherapy with any of the following agents: metformin, sulfonylureas, repaglinide, or 
thiazolidinediones 

 a 

*Patients who have not been chronically treated with other antidiabetic agents 
†Contraindicated in type 1 diabetes and diabetic ketoacidosis  

 
IV. Pharmacokinetics  

 
The pharmacokinetics parameters of the meglitinides are noted in Table 4. 

 
Table 4. Pharmacokinetic Parameters of the Meglitinides1-3 

Drug Bioavailability 
(%) 

Protein 
Binding  

(%) 

Metabolism Active 
Metabolites 

Elimination 
(%) 

Serum 
Half-Life 
(hours) 

Nateglinide 73% 98% Hydroxylation followed by 
glucuronide conjugation. The 

Isoprene and 
C-

~83% of 
absorbed 

1.5 hours 
(plasma) 
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Drug Bioavailability 
(%) 

Protein 
Binding  

(%) 

Metabolism Active 
Metabolites 

Elimination 
(%) 

Serum 
Half-Life 
(hours) 

major metabolites are less potent 
than nateglinide. The isoprene 

minor metabolite possesses 
potency similar to that of the 

parent compound nateglinide. In 
vitro data demonstrated that 
nateglinide is predominately 

metabolized by cytochrome P-450 
isoenzymes (CYP2C9 70% and 

CYP3A4 30%). 

nateglinide drug is 
renally 

eliminated 
in the urine 
and 10% in 

feces 

Repaglinide 56% 98% Oxidative biotransformation and 
direct conjugation with glucuronic 
acid. The major metabolites are an 
oxidized dicarboxylic acid (M2), 
the aromatic amine (M1), and the 

acyl glucuronide (M7). The 
cytochrome P-450 enzyme system, 
specifically 3A4, has been shown 

to be involved in the N-
dealkylation of repaglinide to M2 
and then further oxidation to M1. 

None 
(Metabolites 

do not 
contribute to 
the glucose-

lowering 
effect) 

~8% of 
absorbed 
drug is 
renally 

eliminated 
in the urine 
and 90% in 

feces 

1.0 hour 
(blood) 

 
V. Drug Interactions 

 
Significant drug interactions with the meglitinides are noted in Table 5. 

 
Table 5.  Significant Drug-Drug Interactions with the Meglitinides14 

Drug(s) Significance 
Level 

Interaction Mechanism 

Meglitinides 
(repaglinide, 
nateglinide) 

2 Cyclosporine Cyclosporine may inhibit meglitinide metabolism (CYP3A4) and organic 
anion transporting polypeptide 1B1-mediated hepatic uptake, causing 
elevated plasma levels of meglitinide. Monitor blood glucose levels when 
starting or stopping cyclosporine and adjust the meglitinide dose as needed. 

Meglitinides 
(repaglinide, 
nateglinide)  

2 Rifamycins 
(rifabutin, 
rifampin, 
rifapentine) 

Rifamycins may increase metabolism (CYP3A4) of repaglinide during the 
first-pass and elimination phases, causing plasma concentrations of 
repaglinide to be decreased. Monitor blood glucose levels when starting or 
stopping rifamycin therapy and adjust meglitinide dose as needed.  

Repaglinide 2 Gemfibrozil Gemfibrozil may inhibit repaglinide metabolism (CYP2C8) causing 
elevated repaglinide plasma concentrations and increasing the risk of severe 
and protracted hypoglycemia. Avoid coadministration of repaglinide and 
gemfibrozil and reduce the dose of repaglinide when used together.  

Repaglinide 2 Macrolide 
antibiotics 
(clarithromycin, 
erythromycin) 

Certain macrolide antibiotics may inhibit the first-pass metabolism 
(CYP3A4) of repaglinide, causing elevated plasma levels of repaglinide 
and subsequently increased pharmacologic and adverse effects. Monitor 
blood glucose levels when starting or stopping macrolide and related 
antibiotic therapy and adjust the repaglinide dose as needed. 

Significance Level 1=major severity 
Significance Level 2=moderate severity 
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VI. Adverse Drug Events 
 
Adverse drug reactions for the meglitinides are noted in Table 6.  
 

Table 6.  Adverse Drug Events (%) Reported with the Meglitinides2-3 

Adverse event(s) Nateglinide Repaglinide 
Cardiovascular 
Chest pain - 2-3 
Ischemia - 2 
Central Nervous System 
Dizziness 3.6 - 
Headache - 9-11 
Endocrine/Metabolic 
Hypoglycemia 2.4 16-31 
Gastrointestinal  
Constipation - 2-3 
Diarrhea 3.2 4-5 
Dyspepsia - 2-4 
Nausea - 3-5 
Vomiting - 2-3 
Musculoskeletal 
Arthralgia 3.3 3-6 
Back pain 4 5-6 
Paresthesia - 2-3 
Respiratory 
Bronchitis 2.7 2-6 
Coughing 2.4 - 
Rhinitis - 3-7 
Sinusitis - 3-6 
Upper respiratory infection 10.5 10-16 
Other 
Accidental trauma 2.9 - 
Allergy - 1-2 
Flu symptoms 3.6 - 
Tooth disorder - 2 
Urinary tract infection - 2-3 

- Event not reported or incidence <1% 
 
VII. Dosing and Administration 

 
The usual dosing regimens for the meglitinides are summarized in Table 7.  

 
Table 7.  Usual Dosing for the Single Entity Meglitinides2-3 

Drug(s) Usual Adult Dose Usual Pediatric Dose Availability 
Nateglinide Initial and maintenance dose: 60 to 120 mg three times 

daily, 1 to 30 minutes prior to meals 
Safety and efficacy in 
children have not been 
established. 

Tablet:  
60 mg 
120 mg 

Repaglinide Initial and maintenance dose range: 0.5 to 4 mg daily 
with meals, may be dosed preprandial (before meals) 2, 3, 
or 4 times a day in response to changes in the person’s 
meal pattern 
 
Maximum: 16 mg/day 

Safety and efficacy in 
children have not been 
established. 

Tablet:  
0.5 mg 
1 mg 
2 mg 
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VIII. Effectiveness  
 

Clinical studies evaluating the safety and efficacy of the meglitinides are summarized in Table 8. 
 

Table 8.   Clinical Efficacy Studies Using the Meglitinides 
Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Monotherapy Type 2 Diabetes 
Rosenstock et al15 

 

Nateglinide 60 mg before 
each meal, doses were 
increased to 120 mg 
before each meal if target 
glycemic control was not 
achieved after 1 week, 
with a maximum of 360 
mg daily 
 
vs 
 
Repaglinide 0.5 mg before 
each meal, doses were 
increased stepwise from 
0.5 to 1 to 2 and to 4 mg 
at weekly visits based on 
the results of a self-
monitoring of blood 
glucose levels, with a 
maximum of 16 mg daily 

MC, OL, PG, RCT 
 
Adult patients ≥18 
years old with type 
2 diabetes for at 
least 3 months with 
BMI values 
between 24-42 
kg/m2 and had only 
been treated with 
diet and exercise 
during the previous 
3 months with 
HbA1c values of 
>7% and ≤12% 

N=150 
 

16 weeks  
 
  

Primary:  
Final HbA1c and 
changes in 
HbA1c from 
baseline 
  
Secondary:  
Changes in FPG 
from baseline 
  

Primary:  
Final HbA1c values were lower in the repaglinide group vs the nateglinide group (7.3% 
vs 7.9%, respectively), no P values reported. The changes in HbA1c for repaglinide from 
baseline were –1.57% ±0.15 vs -1.04% ±0.14 for nateglinide (P=0.002 between the 
groups). At the end of the study, 54% of the repaglinide-treated patients had HbA1c 
values ≤7% vs 42% of nateglinide-treated patients (P=0.18 between treatment groups). 
 
Secondary:  
The final FPG was 154 mg/dl ±40.2 for repaglinide and 188 mg/dL ±62.2 for nateglinide 
(no P values reported). The mean change from baseline in FPG was greater with 
repaglinide than for nateglinide (–57 vs –18 mg/dL; P<0.001). 
 
There were no major hypoglycemic episodes (requiring the assistance of another person) 
in either treatment group. 
 
Mean weight gains from baseline to the study endpoint were +1.8 kg for repaglinide and 
+0.7 kg for nateglinide (incremental mean imputation method calculation P=0.04 and 
P=0.034 by last observed carried forward method calculation). 
 
The most common adverse events (3%-10% of patients in both treatment groups) were 
upper respiratory tract infection, sinusitis, constipation, arthralgia, headache, and 
vomiting. There were no notable differences in the pattern of adverse events for the 
treatment groups. 

Li J et al16 
 

Nateglinide 90 mg TID 
before each main meal 
 
vs 
 
repaglinide 1 mg TID 

DB, DD, MC, RCT 
 
Chinese patients 
aged 35-65 years 
with type 2 
diabetes (in 5 
clinical centers in 
China), on a stable 

N=223 
 

12 weeks 

Primary: 
FPG, HbA1c, 
TG, TC, BMI, 
insulin 
sensitivity by 
homeostasis 
model 
assessment of 

Primary: 
Compared to baseline, FBG, 30-, 60- , and 120-minute PPG, and HbA1c all decreased 
significantly with both repaglinide and nateglinide treatment (P<0.05). Effects on FBG 
and PPG of the two agents were not significantly different (P>0.05). 
 
The HbA1c levels at week 12 of the repaglinide group and the nateglinide group were not 
significantly different (6.27 ± 1.21 vs 6.59 ± 1.41%, respectively; P>0.05). However, an 
HbA1c reduction at week 12 from baseline in the repaglinide group was significantly 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

before each main meal 
 

diet and exercise 
for 4 weeks, with 
fasting blood 
glucose ≥7.8 
mmol/l and/or 2-
hour postprandial 
glucose ≥11.1 
mmol/l at least 
twice in 2 weeks, 
without a history 
of antidiabetic 
agents other than 
metformin (on 
stable dosage for 4 
weeks)  

insulin resistance 
(HOMA-IR), β-
cell function 
indexes, and 
plasma insulin, 
C-peptide and 
PPG using the 
incremental area 
under the curve 
(AUC0-120 min) 
after a standard 
800-kcal meal 
(55% carbohy-
drate, 25% fat 
and 20% protein) 
 
Secondary: 
Not reported 

greater than an HbA1c reduction in the nateglinide group (–1.21 vs –0.68%, respectively; 
P=0.0039). 
 
 
AUC of glucose significantly decreased in both repaglinide and nateglinide groups at 
week 12 to a similar extent (20.36 ± 4.67 vs 20.54 ± 4.83 mmol/L/h, respectively; 
P<0.0001 vs baseline; P>0.05 between the groups). AUC of insulin and C-peptide in 
both groups were increased at week 12 to a similar extent (P<0.05 vs baseline; P>0.05 
between two groups). 
 
 
HOMA-IR in both groups were decreased significantly, and effects of repaglinide and 
nateglinide on insulin sensitivity were not different (2.44 vs 2.48, at week 12 
respectively; P<0.05 vs baseline; P>0.05 between the groups). Beta-cell function 
indexes were increased in both groups, but the values were not significantly different 
between two groups after 12 weeks of treatment (P<0.05 vs baseline; P>0.05 between 
the groups). 
 
After the 12 weeks of treatment with repaglinide, TG level significantly decreased from 
baseline (no values reported; P<0.05). In both groups, TC level was decreased from 
baseline at week 12 (no values reported; P<0.05), and BMI was reduced slightly 
(P>0.05). Effects of both agents on TG, TC and BMI were not different (no values 
reported; P>0.05). 
 
Adverse events between the groups were reported to be similar (P>0.05). However, the 
rate of adverse reaction was reported to be 4.5% (hypoglycemic event, 
thrombocytopenia, elevation of liver enzymes) in the repaglinide group and 0.87% 
(thrombocytopenia) in the nateglinide group. 
 
Secondary: 
Not reported. 

Hollander et al17 

 
Nateglinide 120 mg TID 
before each of three main 
meals  
 

DB, MC, PC, RCT 
 
Patients between 
32-75 years of age 
diagnosed with 
type 2 diabetes at 

N=152 
 

8 weeks 
 

Primary:  
Change from 
week 0 to week 
8 during liquid 
meal challenges 
in FPG, fasting 

Primary:  
FPG was reduced by 1.9 mmol/L (P<0.001) more with glyburide than with nateglinide at 
study endpoint. 
  
Nateglinide treatment did not have significant changes from baseline with fasting levels 
of C-peptide, insulin, or proinsulin (P value not reported). 



 
 

265 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

vs 
 
glyburide 5 mg QD 
(weeks 0-2) titrated to 10 
mg QD (weeks 3-8) 
 
vs 
 
placebo 
 

least 3 months 
prior to entry into 
the trial on diet 
modification alone 
for at least 4 weeks 
before initial visit, 
mean (weeks -4 
and -2) HbA1c 
from 6.8%-11%, 
and a BMI of 20-
35 kg/m2 

insulin, fasting 
C-peptide, and 
fasting 
proinsulin 
 
Secondary:  
Not reported 

  
Glyburide treatment increased fasting C-peptide vs placebo and nateglinide (P<0.001), 
fasting insulin vs placebo (P<0.001) and nateglinide (P<0.05), and proinsulin vs placebo 
(P<0.001) and nateglinide (P<0.025). 
 
Reduction of mealtime glucose excursions from nateglinide was approximately twice 
that from glyburide (–4.94 ±0.74 vs –2.71 ±0.71 mmol/hour/L; P<0.03). 
 
The insulin secretion reflected by the C-peptide AUCs was approximately twice that in 
the glyburide group than in the nateglinide group (1.83 ±0.24 vs 0.95 ±0.23 
nmol/hour/L, respectively); P=0.063 vs nateglinide.  
 
Secondary: 
Not reported. 

Wolffenbuttel et al18 

 
Repaglinide 0.5 to 4 mg 
TID before each of three 
main meals (breakfast, 
lunch, and dinner) 
 
vs 
 
glyburide 1.75 to 10.5 mg 
daily 
  
 
  
 

DB, MC, PG, RCT 
 
Adults from 40-75 
years old with type 
2 diabetes, as 
determined by the 
World Health 
Organization 
criteria, who were 
being treated with 
oral blood glucose-
lowering agents 
and/or diet, BMI of 
21-35 kg/m2, and 
an HbA1c >6.5% 
when treated with 
diet only and 
<12% when treated 
with diet plus oral 
blood glucose-
lowering agents  

N=424 
 

12 months 
  

Primary:  
Change in HbA1c 
and FPG from 
baseline to the 
final visit 
  
Secondary:  
Change in 
fasting insulin 
and lipid levels 
and four-point 
blood glucose 
levels (fasting, 
before lunch, 
before supper, 
and at bedtime) 
from baseline to 
the final visit  
  

Primary:  
Change in HbA1c levels was not different between groups when compared to baseline, 
HbA1c levels increased by 0.58% (95% CI, 0.41 to 0.76) in the repaglinide group and by 
0.45% (95% CI, 0.22 to 0.69) in the glyburide group. In a subset of patients who were 
treated previously with diet only (n=37), HbA1c decreased significantly more during 
glyburide treatment (–2.4%) vs repaglinide (–1%; P<0.05). The changes in HbA1c in 
patients who were already being treated with oral agents (n=388) were similar, 0.6% in 
the repaglinide group and 0.7% in the glyburide group (P value not reported). 
 
Changes in fasting plasma glucose from baseline showed a similar trend (P value not 
reported) as the HbA1c. 
 
Secondary:  
Mean fasting insulin levels decreased in the repaglinide group (–3 pmol/L) and increased 
in the glyburide group (+1 pmol/L). There was no treatment difference (P values not 
reported).  
 
Changes from baseline in four-point glucose levels were small for both treatment groups 
(P value not reported). 
 
Lipid levels (TC, HDL, and TG) did not change during the study. 

Derosa et al19 

 
DB, PC, RCT 
 

N=124 
 

Primary:  
Changes from 

Primary:  
Changes in HbA1c and FPG from baseline were significant for both treatments (P<0.01). 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Repaglinide 1 mg daily 
(optimized over an 8-
week titration period, 
mean final dose was 2.5 
mg daily) 
 
vs 
 
glimepiride 1mg daily 
(optimized over an 8-
week titration period, 
mean final dose was 3 mg 
daily) 
 
 

Patients with type 
2 diabetes for ≥6 
months, 
nonsmokers, 
normal blood 
pressure (systolic 
blood pressure 
<130 mm Hg and 
diastolic <85 mm 
Hg), no coronary 
heart disease, 
normal renal 
function (<1.5 
mg/dL), not 
receiving 
antidiabetic 
medications at time 
of enrollment and 
had not achieved 
satisfactory 
glycemic control 
(HbA1c>7%) with 
diet and exercise  

12 months 
 

baseline in 
HbA1c, FPG, 
PPG, FPI, Lp(a), 
PAI-1, Hcy, 
body weight, 
BMI, PPI, BP, 
TC, LDL, HDL, 
TG, Apo A-1, 
Apo B, and 
fibrinogen 
 
Secondary: 
Not reported 

 
Changes in PPG were significant for repaglinide vs baseline (P<0.01) and compared to 
glimepiride (P<0.05). Changes in PPG from baseline for the glimepiride group was 
significant (P<0.05). 
 
Change in FPI from baseline was significant for repaglinide (P<0.05). 
 
Changes in Lp(a) from baseline were significant for repaglinide (P<0.05) and 
glimepiride (P<0.01). 
 
Changes in PAI-1 from baseline were significant for both treatment groups (P<0.05). 
 
Changes in Hcy were significant from baseline for repaglinide (P<0.05) and glimepiride 
(P<0.01). Changes in Hcy were significant for glimepiride vs repaglinide (P<0.05). 
 
There were no significant changes during the study from baseline at 6 or 12 months in 
the following parameters for either treatment group: body weight, BMI, PPI, BP, TC, 
LDL, HDL, TG, Apo A-1, Apo B, and fibrinogen. 
 
Secondary: 
Not reported. 

Cesur et al20 

 
Repaglinide up to 4 mg 
QD 
 
vs 
 
glimepiride up to 8 mg 
QD 
 
vs 
 
insulin glargine up to 36 
U QD 

MC, OL, OS, PRO 
 
Type 2 diabetes 
patients aged 33 to 
67 years with 
HbA1c of 6.0% to 
8.0% oral diabetes 
agents, who were 
willing to fast 
throughout 
Ramadan month. 
(Ramadan fasting 
is an Islam belief 
when patients have 

N=49 
(Ramadan 

fasting 
patients) 

 
N=16 (non-

fasting 
patients, 
control 
group) 

 

Primary: 
FBG, PPG, 
HbA1c, 
fructosamine, 
BMI, lipid 
metabolism and 
hypoglycemia in 
pre-Ramadan 
and post-
Ramandan 
fasting  
 
Secondary: 
Not reported 

Primary: 
In the fasting group, both FPG and PPG levels showed no significant changes at post-
Ramadan and 1-month post-Ramadan compared to pre-Ramadan (P value not reported). 
In the nonfasting group, FPG levels did not change significantly throughout the study, 
whereas PPG levels increased at post-Ramadan (P<0.05 and P<0.01, respectively). At 
post-Ramadan and 1-month post-Ramadan, changes in PPG values in the fasting group 
were lower compared to the nonfasting group (P<0.01 for both time periods).  
 
There was no significant change in HbA1c levels between the nonfasting and fasting 
groups (P value not reported). 
 
There was a significant increase in fructosamine levels in both fasting group and non-
fasting group at 1-month post-Ramadan (P<0.01 for both).  
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

 
 

average fasting 
period of 12.5 
hours per day, stay 
in mean daytime 
temperature of 
20.8°C and mean 
average humidity 
of 51.2%) 
 
 

BMI did not change during the study in fasting group but a gradual increase in BMI was 
seen in the nonfasting group (P<0.05 between pre-Ramadan and post-Ramadan in 
nonfasting group). 
 
TC, LDL and TG did not change throughout the study period but HDL levels 
significantly increased at post-Ramadan in the fasting group (P<0.01). In nonfasting 
group, LDL and TG levels significantly increased at post-Ramadan (P<0.05 for both). 
 
At least one hypoglycemia episode was reported in 12.2% of patients in the fasting group 
and 12.5% of patients in the nonfasting group. Hypoglycemia was seen in 14.3% of 
patients in the glimepiride group, 11.1% in the repaglinide group and 10% in the insulin 
group. There was no significant difference between three drug groups regarding the rate 
of hypoglycemia (P value not reported). 
 
Secondary: 
Not reported 

Taki et al21  

 
Nateglinide 
 
 

OS, Postmarking 
study 
 
Patients with type 
2 diabetes, oral 
antidiabetic 
medication naïve, 
whose FPG≤150 
mg/dL and had 
started to take 
nateglinide alone 
(Japan) 

N=547 
 

12 weeks 

Primary: 
HbA1c, PPG, 
FPG and 
hypoglycemia 
 
Secondary: 
Not reported 

Primary: 
In the nateglinide group, a reduction in HbA1c was 0.82%, PPG was 59.4 mg/dl to 158.0 
mg/dL and FPG was 11.7 mg/dL to 122.4 mg/dL. 
 
Hypoglycemia was the most prevalent adverse event (2.1%). A total of 9 of 11 episodes 
required no therapeutic intervention. Severe hypoglycemia was recognized in 1 case of 
diabetes complicated by serious renal dysfunction, for which nateglinide has been 
contraindicated in Japan. No subject experienced symptoms of nocturnal or prolonged 
hypoglycemia.  
 
Secondary: 
Not reported 

Taki et al22 

 
Nateglinide 
 
 

OS 
 
Patients with type 
2 diabetes (Japan) 

N=1,014 
 

15 months 

Primary:  
PPG, FPG, 
HbA1c, and BMI 
 
Secondary: 
Not reported 

Primary: 
In patients receiving nateglinide, there were reductions in PPG of 9.3 mg/dL (from 
155.1±40.0 mg/dL to 145±35.1 mg/dL) and HbA1c of 0.68% (from 7.51±1.36% to 
6.83±1.09%). 
 
In patients previously treated with sulfonylurea, a decrease in HbA1c was not observed. 
 
No change in BMI was noted after 15 months of nateglinide treatment. 
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Secondary: 
Not reported 

Combination Therapy Type 2 Diabetes 
Horton et al23 

 
Nateglinide 120 mg TID 
(taken 1-30 minutes 
before each of three main 
meals) 
 
vs 
 
nateglinide 120 mg TID 
(taken 1-30 minutes 
before each of three main 
meals) plus metformin 
500 mg TID (immediately 
after the start of three 
main meals) 
 
vs 
 
metformin 500 mg TID, 
titrated according to the 
package insert 
(immediately after the 
start of three main meals) 
 
vs 
 
placebo 

DB, PC, PRO, 
RCT 
 
Patients ≥30 years 
old with type 2 
diabetes for at least 
3 months with a 
BMI of 20-35 
kg/m2, and all 
patients need to 
have been treated 
with diet alone 
with an HbA1c 
between 6.8%-11% 
and FPG level ≤15 
mmol/L 
 

N=701 
 

24 weeks  
 
 

Primary:  
Change in 
HbA1c, FPG, and 
glucose AUC 
after Sustacal 
challenge from 
baseline 
 
Secondary:  
Not reported 

Primary:  
Adjusted mean change from baseline in HbA1c, FPG, and glucose AUC after Sustacal 
challenge were significantly reduced from baseline (P≤0.0001) in patients receiving 
active treatment.  
 
HbA1c, FPG, and glucose AUC were all significantly reduced compared with placebo 
(P≤0.001) except from glucose AUC with metformin monotherapy. 
 
The decrease in HbA1c was greater for metformin vs nateglinide, the between group 
difference was small (0.3% difference; P≤ 0.01).  
 
The decrease in FPG was greater with the metformin group vs the nateglinide group, the 
difference was 0.9 mmol/L (P<0.001). 
 
The combination of nateglinide plus metformin was additive (HbA1c –1.4% and FPG –
2.4 mmol/L; P≤0.01 vs either monotherapy). 
 
After a Sustacal challenge, there was a greater reduction in mealtime glucose with 
nateglinide compared with metformin or placebo (AUC0-130 min –2.1, –1.1, and 0.6 
mmol/h/L, respectively; P≤0.0001). A greater reduction was seen with nateglinide plus 
metformin (AUC0-130 min –2.5 mmol/h/L; P≤0.0001 vs metformin and placebo).  
 
Secondary:  
Not reported 

Fonseca et al24 

 
Nateglinide 120 mg 
before meals added to 
rosiglitazone 8 mg QD 
monotherapy 

DB, MC, PC, RCT 
 
Patients ≥21 years 
old with type 2 
diabetes diagnosed 
at least 6 months 

N=402 
 

24 weeks 
 
 

Primary:  
Change in HbA1c 
from baseline 
 
Secondary:  
FPG, 2-hour 

Primary:  
HbA1c did not change significantly from baseline in the placebo plus rosiglitazone group, 
but did change significantly in the nateglinide plus rosiglitazone group. The change from 
baseline to endpoint was –0.8 ±0.1% (P<0.0001 vs baseline or placebo plus rosiglitazone 
group). 
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vs 
 
placebo added to 
rosiglitazone 8 mg QD 
monotherapy 
  
 

previously and 
treated with 
rosiglitazone 8 mg 
daily, diet, and 
exercise for at least 
3 months, had a 
BMI between 22-
40 kg/m2, FPG 
between 6.1 and 
13.3 mmol/L, and 
HbA1c of 7%-11% 

postprandial 
insulin, TC, 
LDL, HDL, TG, 
body weight, 4-
hour AUC for 
glucose and 
insulin during 
meal challenges 

Secondary:  
Change in FPG decreased significantly from a baseline of 9.8 to 9.0 mmol/L in the 
nateglinide plus rosiglitazone group (P<0.001). FPG did not change significantly from 
the baseline (10 mmol/L) in patients receiving placebo plus rosiglitazone. 
 
2-hour postprandial insulin in the nateglinide plus rosiglitazone group decreased from 14 
to 11.4 mmol/L (P<0.0001). The group receiving placebo plus rosiglitazone had an 
increase in 2-hour postprandial insulin from 14.4 to 14.8 mmol/L (P<0.0001 vs 
combination). 
 
Total and incremental glucose AUCs(0-4 hours) were significantly reduced in the nateglinide 
plus rosiglitazone group (–8.6 ±0.8 and –6.2 ±0.5 mmol/L/h, respectively; P<0.0001 vs 
baseline or placebo plus rosiglitazone for both total and incremental AUCs). This 
represents a 16% reduction in the total and a 49% reduction in the incremental glucose 
AUC. 
 
Total and incremental insulin AUCs(0-4 hour) were increased in the nateglinide plus 
rosiglitazone patients (+425 ±37 and +395 ± pmol/L/h, respectively; P<0.0001 vs 
baseline or placebo plus rosiglitazone for both total and incremental AUCs). This 
represents a 46% increase in the total and 69% increase in the incremental insulin AUC. 
 
There were no statistically significant changes in TC, LDL, or TG in either group (P 
value not reported). There was a small, but significant increase from baseline in HDL 
seen in patients receiving nateglinide plus rosiglitazone (P<0.025) and the patients 
receiving placebo and rosiglitazone (P<0.005). 
 
Body weight increased in both groups (P value not reported). The mean change from 
baseline in patients receiving nateglinide plus rosiglitazone (+3.1 ±0.3 kg) was 
significantly greater than in patients in the placebo plus rosiglitazone group (+1.1 ±0.3 
kg; P<0.0001). 
 
Meal challenges were performed at week 0 and at endpoint. The glucose and insulin 
profiles were similar in the two groups at baseline, and PPG and insulin concentrations 
were unchanged at endpoint relative to baseline in patients receiving placebo plus 
rosiglitazone. 

Marre et al25 

 
DB, MC, PG, RCT 
 

N=467 
 

Primary:  
Change in HbA1c 

Primary:  
Mean HbA1c was reduced significantly from baseline when compared to the placebo 
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Nateglinide 60 mg or 120 
mg before meals TID in 
addition to metformin 
1,000 mg BID 
 
vs 
 
placebo before meals TID 
in addition to metformin 
1,000 mg BID 
  
 

Type 2 diabetes 
patients for at least 
6 months ≥30 
years of age with 
HbA1c between 
6.8%–11%, a BMI 
of 20-35 kg/m2, 
and were treated 
with metformin for 
a minimum of 3 
months and 
stabilized at a dose 
of ≥1,500 mg/day 
for at least 4 weeks 
prior to study entry 

24 weeks 
 
  

from baseline 
  
Secondary:  
Change in FPG, 
body weight, and 
lipid profile (TC, 
fasting TGs, 
LDL, HDL) 
from baseline 
  

group for the nateglinide 60 mg group (–0.36%; 95% CI, –0.59 to –0.13; P=0.003) and 
for the nateglinide 120 mg group (–0.51%; 95% CI, –0.82 to –0.36; P<0.001) at 
endpoint.  
 
Dose-dependant reduction in HbA1c was seen with nateglinide irrespective of baseline 
parameters, with larger mean reductions seen with nateglinide 120 mg. There was little 
or no change in HbA1c at endpoint in the placebo group.  
 
Secondary:  
There were modest changes from baseline in FBG in the nateglinide groups and an 
increase was seen in the placebo group, the difference compared to baseline was 
statistically significant in both the nateglinide 60 mg and 120 mg groups (P=0.044 and 
P=0.003, respectively). 
 
There were no notable changes in body weight at endpoint in the patients that received 
placebo (0.1 kg) or nateglinide 60 mg (0.4 kg). There was a statistically significant 
increase (P<0.001) in mean weight of 0.9 kg in the nateglinide 120 mg group as 
compared to baseline. 
 
Fasting TGs were significantly reduced in the nateglinide 120 mg group as compared to 
the placebo group at endpoint (P=0.042). The mean changes in TC, LDL, and HDL 
remained almost unchanged throughout the study.  

Raskin et al26 

 
Nateglinide 120 mg per 
meal (could be reduced to 
60 mg per meal in 
response to hypoglycemic 
episodes) in addition to 
metformin 1,000 mg BID 
(after a run-in period) 
 
vs 
 
repaglinide increased 
stepwise from 1 to 2 and 
to 4 mg per meal at 

MC, OL, PG, RCT 
 
Adults ≥18 years 
old with type 2 
diabetes for at least 
3 months, a BMI 
between 24-42 
kg/m2, HbA1c 
values between 
>7% and ≤12% on 
previous 
monotherapy with 
a sulfonylurea, 
metformin, or low 
dose glyburide plus 

N=192 
 

16 weeks  
 
  

Primary:  
Final HbA1c 
values and 
changes in 
HbA1c from 
baseline  
  
Secondary:  
Changes in FPG 
and assessment 
of glucose area 
under the time 
concentration 
curves from 0 to 
240 minutes 

Primary:  
Mean HbA1c changes from baseline were significantly greater in the repaglinide plus 
metformin group than for the nateglinide plus metformin group (–1.28 vs –0.67%; 
P<0.001). The final HbA1c at 16 weeks was 7.1% ±1.1 for the repaglinide group and 
7.5% ±1.4 for the nateglinide group (P value not reported). The percent of patients who 
achieved final HbA1c values of ≤7% was 59% for the repaglinide group and 47% for the 
nateglinide group (P value not reported). 
 
Secondary:  
FPG values were significantly different between the two treatment groups with one week 
of therapy. Mean changes in FPG values from baseline were significantly greater for the 
repaglinide group (–39 vs –21 mg/dL for nateglinide group; P=0.002). The final FPG at 
16 weeks was 150 ±45.1 mg/dL for the repaglinide group and 170 ±52 mg/dL for the 
nateglinide group (P value not reported). At the end of the 16-week maintenance study, 
48% of the repaglinide group had reductions of FPG values by >40 mg/dL and 26% of 
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weekly visits, maximum 
of 16 mg daily in addition 
to metformin 1,000 mg 
BID (after a run-in period) 
 

metformin (AUC0-240 min), 
insulin 
AUC0-240 min, and 
glucagon 
AUC0-240 min after 
a liquid test meal 
at baseline and at 
study endpoint 

the nateglinide group had a response of this magnitude (P value not reported).  
 
Mean endpoint reductions in postprandial glucose levels from baseline were not 
significantly different between the groups (glucose AUC0-240 min). The treatments were 
also similar for changes in insulin AUC0-240 min and glucagon AUC0-240 min during the 
study (P value not reported). 
 
There were no patients in either group who experienced major hypoglycemic episodes 
(requiring the assistance of another person).  
 
The most frequent adverse event in both groups was upper respiratory infection, 21% for 
the repaglinide groups vs 12% for the nateglinide group (P value not reported). Adverse 
events that occurred from 3%-8% included nausea, viral infection, accidental injury, 
sinusitis, diarrhea, and headache. The repaglinide group had 5% incidence of chest pain 
and arthralgia, as compared with 1% for each in the nateglinide groups (P value not 
reported). 
 
Mean changes from baseline in weight were small for both groups, 0.6 kg gain for 
repaglinide vs 0.5 kg loss with nateglinide (P value not reported). 

Gerich et al27 

 
PRESERVE-β Study 
 
Nateglinide 120 mg 
before meals and open-
label metformin (titrated 
in 500 mg increments to a 
maximum of 2,000 mg 
daily) 
 
vs 
 
glyburide (1.25 mg before 
breakfast, titrated to 
maximum of 10 mg daily) 
and open-label metformin 
(titrated in 500 mg 

DB, MC, RCT 
 
Men and women 
aged 18-77 years 
with type 2 
diabetes, drug 
naïve, HbA1c of 
7%-11%, FPG≤15 
mmol/L, BMI of 
22-45 kg/m2 and 
inadequately 
controlled on diet 
and exercise 

N=428 
 

104 weeks  
  
  

Primary:  
Change in HbA1c 
from baseline 
(average of 
weeks -2 and 0) 
to week 104 
  
Secondary:  
Change from 
baseline to week 
104 in FPG, 
body weight, and 
the incremental 
area under the 
curve 
(AUC0-120 min) of 
glucose during 
oral glucose 

Primary:  
Both treatments maintained similar reductions in HbA1c. The mean change in HbA1c 
from baseline to week 104 in the nateglinide plus metformin group (–1.2 ±0.1%) was 
similar (P=0.1730) to that in the glyburide plus metformin group (–1.5 ±0.1%). The 
changes in HbA1c were significant for both groups as compared to baseline (P<0.0001) 
after 1 and 2 years of treatment and there was no significant difference between the 
groups. 
 
Secondary:  
Mean change in FPG was –1.6 ±0.2 mmol/L in patients in the nateglinide plus 
metformin group (P<0.0001 vs baseline) and –2.4 ±0.2 mmol/L in patients in the 
glyburide plus metformin group (P<0.0001 vs baseline; P=0.0078 vs nateglinide plus 
metformin). 
 
Body weight decreased in the nateglinide plus metformin group (–0.4 kg ±0.4 kg) and 
increased in the glyburide plus metformin group (0.8 kg ±0.5 kg). The change from 
baseline was significant for the glyburide plus metformin group (P=0.0011) only 
(P=0.8413 for the nateglinide plus metformin group). The difference between groups 
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increments to a maximum 
of 2,000 mg daily) 

tolerance tests was statistically significant (P=0.0115). 
 
No data was reported for AUC of glucose during oral glucose tolerance tests. 

Moses et al28 

 
Repaglinide (initiated at 
0.5 mg before each of 
three main meals and 
increased stepwise to 1, 2, 
4 mg TID before each 
main meal depending on 
the response of each 
patient) plus placebo 
 
vs 
 
metformin 1 to 3 g daily 
(prestudy dose) plus 
placebo 
 
vs 
 
metformin 1 to 3 grams 
daily (prestudy dose) plus 
repaglinide (initiated at 
0.5 mg before each of 
three main meals and 
increased stepwise to 1, 2, 
4 mg TID before each 
main meal depending on 
the response of each 
patient) 

DB, MC, PG, RCT 
 
Patients from 40 to 
75 years old with 
type 2 diabetes 
treated with 
metformin alone (1 
to 3 g/day) for 
more than 6 
months and had 
not achieved 
optimal glycemic 
control 
(HbA1c>7%) and 
have a BMI of ≥21 
kg/m2 

N=83 
 

3 months  
 

Primary:  
Change in HbA1c 
and FPG 
  
Secondary:  
Change in 
fasting insulin, 
C-peptide levels, 
fasting TG, TC, 
HDL, LDL, free 
fatty acids 
(FFAs), and 
body weight 
  

Primary:  
Patients in the metformin plus repaglinide group had a significant decrease in HbA1c 
from 8.3% to 6.9% (P=0.0016) and FPG from 10.2 to 8 mmol/L (P=0.0003) compared 
to baseline. There were no significant changes in HbA1c or FPG for patients receiving 
metformin alone and repaglinide alone. The HbA1c and FPG changes from baseline for 
metformin plus repaglinide vs metformin alone and metformin plus repaglinide vs 
repaglinide were significant (P<0.05 for all). 
 
Secondary:  
Fasting insulin and C-peptide levels increased significantly from baseline in both groups 
receiving repaglinide (P<0.05 for both). 
 
Lipid levels (TC, HDL, LDL, TG, FFAs) did not change significantly from baseline in 
the metformin plus repaglinide group. No statistically significant differences were found 
between the metformin plus repaglinide group and the monotherapy groups. 
 
In both groups receiving repaglinide there was an increase in body weight which was 
significant compared to baseline (P<0.05 for both). 

Raskin et al29 

 
Repaglinide 0.5 mg per 
meal to 1 mg per meal to a 
maximum of 4 mg per 

MC, OL, PG, RCT 
 
Patients ≥18 years 
old with type 2 
diabetes for at least 

N=252 
 

24 weeks 
 
  

Primary:  
Change in HbA1c 
from baseline 
  
Secondary:  

Primary:  
Mean change in HbA1c from baseline for repaglinide was –0.17% and –0.56% for 
rosiglitazone (P value not reported). The mean change in HbA1c from baseline for 
repaglinide plus rosiglitazone was –1.43 (P≤0.001 vs either monotherapy). The reduction 
in HbA1c from baseline was greater for the combination group than the sum of the 
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meal 
 
vs 
 
rosiglitazone 2 mg BID to 
a maximum of 4 mg BID 
 
vs 
 
repaglinide 0.5 mg per 
meal to 1 mg per meal to a 
maximum of 4 mg per 
meal plus rosiglitazone 2 
mg BID to a maximum of 
4 mg BID 

12 months with an 
HbA1c>7% to 
≤12% during 
previous 
monotherapy with 
sulfonylurea or 
metformin for at 
least 3 months with 
a BMI ≤45 kg/m2 

Change in FPG 
from baseline  
  

responses for the monotherapy groups (P<0.01). 
 
Secondary:  
Mean FPG change from baseline for the repaglinide group was –3 mmol/L and –3.7 
mmol/L for the rosiglitazone group (P value not reported). Mean FPG change from 
baseline for the repaglinide plus rosiglitazone group was –5.2 mmol/L (P≤0.001 vs 
either monotherapy).  

Schwarz et al30 
 
Study 1 
 
Nateglinide 120 mg 
before meals 
 
vs 
 
placebo 
 

DB, PC, MC, PG, 
RCT 
 
Men and women 
aged 65-90 years, 
type 2 diabetes 
diagnosed ≥4 
weeks, oral 
antidiabetic agents, 
with FPG ≤240 
mg/dL, BMI 22-40 
mg/m2, HbA1c 
7.0%-9.5%, 
without history of 
type 1 diabetes or 
secondary diabetes, 
significant 
symptomatic 
complications of 
diabetes, severe 
cardiac 
dysfunction, 

N=54 
 

12 weeks 
 
 

Primary: 
Change in HbA1c 
from baseline in 
12 weeks 
 
Secondary: 
FPG, PPG, the 
proportions of 
patients achieved 
a target HbA1c of 
<7.0% or ≤6.5%, 
and adverse 
events 
 

Primary: 
Plasma HbA1c decreased from 7.6 ± 0.1% to 6.9 ± 0.1% in patients receiving nateglinide 
(mean change, –0.7 ± 0.1%; P<0.001) compared to a reduction of 7.7 ± 0.2% to 7.5 ± 
0.1% in patients receiving placebo (mean change, –0.2 ± 0.2%; P=0.206). A statistically 
significant difference between the two groups in HbA1c change was reported (–0.5%; 
95% CI, –1.0 to –0.2; P=0.004). 
 
Secondary: 
After 12 weeks of treatment, FPG decreased significantly from 164 ± 6 to 141 ± 7 mg/dL 
in patients receiving nateglinide (mean change,–23 ± 7 mg/dL; P=0.003) compared to a 
reduction of 153 ± 8 to 159 ± 7 mg/dL in patients receiving placebo (mean change, 2 ± 5 
mg/dL; P=0.728). A statistically significant difference between the two groups in FPG 
change was reported (–25 mg/dl; 95% CI, –40 to –3; P=0.022). 
 
Two-hour PPG decreased from 184 ± 11 to 153 ± 8 mg/dL in patients receiving 
nateglinide (mean change, –29 ± 11 mg/dL; P=0.019) compared to a reduction of 192 ± 
14 to 188 ± 15 mg/dL in patients receiving placebo (mean change, –7 ± 17 mg/dL; 
P=0.687). A difference between two groups in 2-hour PPG change was statistically 
significant (–36 mg/dl; 95% CI, –74 to –8; P=0.018). 
 
Sixty percent of patients in the nateglinide group achieved a target HbA1c of <7.0% 
compared to 21% of patients in the placebo group (P=0.004).  
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significant 
cardiovascular 
events within 6 
months prior to 
randomization, and 
severe liver disease 

 
Significantly higher number of patients receiving nateglinide achieved a target HbA1c of 
≤6.5% compared to placebo-treated patients (8 of 30 vs 1 of 24, respectively; P=0.028). 
 
Similar adverse-event profiles were reported between the two groups (15 patients in each 
group reported one or more adverse events). No serious adverse events, hypoglycemic 
events or deaths were reported.  

Study 2 
 
Subanalysis of data from 
the PRESERVE-β Study 
 
Nateglinide  
120 mg before meals and 
open-label metformin 
titrated to 2,000 mg QD 
 
vs 
 
glyburide titrated to 10 mg 
QD before breakfast, and 
open-label metformin 
titrated to 2,000 mg QD 

AC, DB, MC, RCT 
 
Men and women 
≥65 years old with 
type 2 diabetes, 
drug naïve, HbA1c 
of 7%-11%, 
FPG≤15 mmol/L, 
BMI of 22-45 
kg/m2 

N=69 
 

104 weeks 

Primary:  
Change in HbA1c 
from baseline  
  
Secondary:  
Change from 
baseline to week 
104 in FPG, 2-
hour PPG using 
the incremental 
area under the 
curve 
(AUC0-120 min) of 
glucose during 
oral glucose 
tolerance tests, 
the proportion of 
patients 
achieving a 
target HbA1c of 
<7.0 or ≤6.5%, 
adverse events 
 

Primary: 
Similar reductions in HbA1c were seen with both treatments. The average change in 
HbA1c from baseline to week 104 in the nateglinide plus metformin group (–1.2 ±0.2%) 
was similar (P=0.310) to that in the glyburide plus metformin group (–1.2 ±0.1%). The 
changes in HbA1c were significant for both groups as compared to baseline (P<0.001) 
after 2 years of treatment and there was no significant difference between the groups. 
 
Secondary:  
Mean change in FPG was –26 ±6 mg/dl in patients receiving nateglinide plus metformin 
(P<0.001 vs baseline) and –36 ±6 mg/dl in patients receiving glyburide plus metformin 
(P<0.001 vs baseline) (P=0.234 between the groups). 
 
Nonstatistically significant 2-hour PPG reductions from baseline were reported in both 
nateglinide plus metformin and glyburide plus metformin groups (–15 ±7 mg/dl; 
P=0.071 and –8 ±8 mg/dl; P=0.385, respectively). 
 
The proportion of patients who achieved a target HbA1c of <7.0% in the nateglinide plus 
metformin group was not significantly different compared to the glyburide plus 
metformin group (70% vs 65%, respectively; P=0.736). 
 
Similar proportions of patients in the nateglinide plus metformin group and the glyburide 
plus metformin group maintained a target HbA1c of ≤6.5% (40% and 60%, respectively; 
P=0.206). 
 
Approximately 94% of patients in the nateglinide plus metformin group and 88% of 
patients in the glyburide plus metformin group reported one or more adverse events. One 
mild hypoglycemic event occurred with nateglinide plus metformin treatment vs 8 mild-
to-severe hypoglycemic events with glyburide plus metformin treatment (P<0.023). 

Ozbek et al31 

 
RCT 
 

N=50 
 

Primary: 
Exogenous 

Primary: 
A significant reduction in daily total exogenous insulin requirements was seen in the 
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Repaglinide up to 4.5 mg 
QD in combination with 
insulin 
 
vs 
 
insulin 

Type 2 diabetic 
patients who had 
been initially 
treated with oral 
antidiabetic agents 
without a 
satisfactory 
response 
(HbA1c<7%), 
hospitalized in a 
single centre for 
glycemic control 
with intensive 
insulin therapy 
involving multiple 
daily 
subcutaneously 
injections) 

3 months insulin 
requirements, 
HbA1c , 
hypoglycemia 
 
Secondary: 
Not reported 

repaglinide plus insulin group. The daily total insulin requirements were 57.4±14.8 units 
and 28.8±13.8 units before and after the 3-month study period, respectively (P<0.01). 
 
Serum HbA1c levels were 7.3±0.3% and 6.4±0.3% before and after the 3-month period in 
the repaglinide plus insulin group (P<0.01).  
 
None of the patients experienced symptomatic hypoglycemia episode.  
 
Secondary: 
Not reported 

Bolen et al32 

 

Meglitinides 
 
vs 
 
alpha-glucosidase 
inhibitors 
 
vs 
 
biguanides 
 
vs 
 
thiazolidinediones 
 
vs 
 

Systematic review 
 
Analysis of 216 
controlled trials 
and cohort studies, 
and 2 systemic 
reviews that 
addressed benefits 
and harms of oral 
diabetes drug 
classes in patients 
with type 2 
diabetes 
 
Studies were 
included if the 
drugs were not 
available in the US 
market if members 

N=136 
(articles on 

inter-
mediate 

outcomes) 
 

N=167 
(articles on 

adverse 
events) 

 
N=68 

(articles on 
micro-

vascular 
outcomes 

and 
mortality) 

 

Primary: 
Intermediate 
outcomes: HbA1c 
level, body 
weight, blood 
pressure and 
lipid panels, sll-
cause mortality, 
cardiovascular 
morbidity and 
mortality and 
microvascular 
outcomes 
 
Secondary: 
Hypoglycemia, 
gastrointestinal 
problems, 
congestive heart 

Primary: 
Results from clinical trials showed that most oral agents including thiazolidinediones, 
metformin, and repaglinide improved glycemic control to the same degree as 
sulfonylureas (absolute decrease in HbA1c level of about 1%) (moderate-to-high strength 
of evidence). Nateglinide and alpha-glucosidase inhibitors have slightly weaker effects, 
on the basis of indirect comparisons of placebo-controlled trials (low strength of 
evidence). 
 
Thiazolidinediones were the only class with beneficial effect on HDL (mean relative 
increase, 3 to 5 mg/dL) but a harmful effect on LDL (mean relative increase, 10 mg/dL) 
compared with other oral agents. Metformin decreased LDL levels by about 10 mg/dL, 
whereas other oral agents had no effects on LDL (moderate strength of evidence). 
 
Thiazolidinediones, second-generation sulfonylureas, and metformin had similarly 
minimal effects on systolic blood pressure (moderate strength of evidence).  
 
Most agents except metformin increased body weight by 1 to 5 kg (moderate strength of 
evidence). 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

second-generation 
sulfonylureas 
 
 

of their class were 
in use and had not 
been banned 
(voglibose†, 
gliclazide†, and 
glibenclamide*), 
monotherapy 
therapies and 
combination 
therapies that are 
commonly used 
(metformin, 
second-generation 
sulfonylureas, and 
thiazolidinedione) 
 
Studies were 
excluded if there 
was combination 
of 3 oral diabetes 
agents and first-
generation 
sulfonylureas drug 
class 
 
 

Varied 
duration 

failure, edema or 
hypervolemia, 
lactic acidosis, 
elevated liver 
enzymes, 
allergic reactions 
requiring 
hospitalization 
and other serious 
adverse events 
 
 
 

In the ADOPT (A Diabetes Outcome Progression Trial), the incidence of cardiovascular 
events was lower with glyburide than with rosiglitazone or metformin (1.8%, 3.4%, and 
3.2%, respectively; P<0.05). 
 
In the RECORD study (rosiglitazone evaluated for cardiac outcomes and regulation of 
glycemia in diabetes), rosiglitazone plus metformin or a sulfonylurea compared with 
metformin plus a sulfonylurea had a hazard ratio of 1.08 (95% CI, 0.89 to 1.31) for the 
primary endpoint of hospitalization or death from cardiovascular disease. The hazard 
ratio was driven by more congestive heart failure in the rosiglitazone plus metformin 
group than in the control group of metformin plus sulfonylurea (absolute risk, 1.7% vs 
0.8%, respectively). 
 
Too few comparisons were made to draw firm comparative conclusions on 
microvascular outcomes (P value not reported). 
 
Secondary: 
According to several randomized, controlled trials and some observational studies, 
sulfonylureas and replaglinide were associated with greater risk for hypoglycemia. In 
many randomized controlled trials, thiazolidinediones were associated with higher risk 
for edema than were sulfonylureas or metformin (absolute risk difference, 2% to 21%). 
 
In cohort studies, thiazolidinediones were associated with higher risk for congestive 
heart failure although absolute risks were small (1% to 3%) and higher risk for mild 
anemia yet produced similarly low rates of elevated aminotransferase levels (<1%) 
compared with sulfonylureas and metformin.  
 
In many trials and a few observational studies, metformin was associated with greater 
risk for gastrointestinal problems compared with other oral diabetes agents (P value not 
reported). 
 
According to a systematic review of 176 comparative trials, lactic acidosis events were 
similar between metformin and other oral diabetes agents (P value not reported). 
 
No study reported an allergic reaction to oral diabetes medications that led to 
hospitalization or death (P value not reported). 

Black et al33 
 

MA 
 

N=3,781 
(15 studies) 

Primary: 
Mortality and 

Primary: 
No studies reported the effect of meglitinides on mortality and morbidity. 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Meglitinide 
 
vs 
 
meglitinde and metformin 
 
vs 
 
meglinitide and insulin 
 
vs 
 
metformin 
 
vs 
 
placebo 
 

Patients diagnosed 
with type 2 
diabetes  

 
Varied 

duration 

morbidity 
 
Secondary: 
Reduction in 
HbA1c, weight or 
BMI, 
hypoglycemia, 
adverse effects 
and qualify of 
life 

 
Secondary: 
In the 11 studies comparing meglitinides to placebo, both repaglinide and metiglinide 
resulted in reductions in HbA1c (0.1% to 2.1% and 0.2% to 0.6%, respectively). In 2 
studies comparing repaglinide to nateglinide, reduction in HbA1c was similar. When 
compared to metformin monotherapy, both repaglinide and nateglinide showed similar 
or slightly smaller reduction in HbA1c than metformin. The combination therapy of 
metformin and a meglitinide showed a clinically significant reduction in HbA1c 
compared to metformin monotherapy (P value not reported). 
 
Weight gain was generally greater in those treated with meglitinides compared with 
metformin (P value not reported). 
 
Evidence from the meglitinide trials with metformin suggests that both repaglinide and 
nateglinide had fewer gastrointestinal adverse events including diarrhea. There was no 
evidence of serious adverse events associated with meglitinides (P value not reported). 
 
There were more reports of hypoglycemia episodes in patients treated with meglitindies 
vs placebo. In the 2 head-to-head trials of repaglinide vs nateglinide, fewer patients in 
the nateglinide group reported hypoglycemia symptoms (2% vs 7%). When compared to 
metformin, meglitinides treated patients reported more hypoglycemia episodes (P value 
not reported). 
 
There were 2 studies that assessed quality of life in patients receiving repaglinide vs 
placebo and in patients receiving repaglinide plus insulin vs metformin plus insulin. 
There were no substantial changes in quality of life using a variety of validated diseases 
specific and nonspecific tools. Treatment satisfaction using the WHO Diabetes 
Treatment Satisfaction Questionnaire improved significantly in the repaglinide group vs 
placebo.  

*Synonym for glyburide 
†Product not available in the United States 
Drug regimen abbreviations: BID=twice daily, QD=once daily, TID=three times daily 
Study abbreviations: AC=active-controlled, CI=confidence interval, DB=double-blind, DD=double-dummy, MA=meta-analysis, MC=multicenter, OL=open-label, OS=observational study, PC=placebo-
controlled, PG=parallel-group, PRO=prospective, RCT=randomized controlled trial 
Other abbreviations: Apo A-1=apolipoprotein A-1, Apo B=apolipoprotein B, AUC=area under the curve, BMI=body mass index, BP=blood pressure, FFAs=free fatty acids, FPG=fasting plasma glucose, 
FPI=fasting plasma insulin, h=hour, HbA1c=hemoglobin A1c, HDL=high-density lipoprotein, HOMA-IR=homeostasis model assessment of insulin resistance, LDL=low-density lipoprotein, 
Lp(a)=lipoprotein(a), PAI-1= plasminogen activator inhibitor-1, PPG=postprandial glucose, PPI=postprandial plasma insulin, TC=total cholesterol, TG=triglycerides, WHO=World Health Organization 
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Additional Evidence 
 
Dose Simplification 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 
Stable Therapy 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 

IX. Cost 
 

A “relative cost index” is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For branded products with little 
or no recent utilization data, the average cost per prescription is calculated by the average wholesale price (AWP) 
and the standard daily dosing per product labeling. For generic products with little or no recent utilization data, the 
average cost per prescription is calculated by the Alabama Medicaid maximum allowable cost (MAC) and the 
standard daily dosage per product labeling. Please note that the relative cost index does not factor in additional 
cost offsets available to the Alabama Medicaid program via pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 

 
Relative Cost Index Scale  
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 
Rx=prescription 

 
Table 9.  Relative Cost of the Meglitinides 

Generic Name Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 
nateglinide tablet Starlix® $$$$ N/A 
repaglinide tablet Prandin® $$$$ N/A 
No generic products are available in this class. 
N/A=not available. 

 
X. Conclusions 
 

The meglitinides are FDA approved as adjunct to diet and exercise either alone or in combination with metformin 
or a thiazolidinedione for the treatment of type 2 diabetes. Repaglinide and nateglinide are currently not available 
generically. The effectiveness of these agents as monotherapy15-22 and in combination23-33 with other oral 
antidiabetic agents was demonstrated through many clinical trials. There were 2 studies comparing repaglinide to 
nateglinide, head to head.15,26 The meglitinides were used as monotherapy in Rosenstock et al and in combination 
with metformin in Raskin et al. In the monotherapy trial comparing repaglinide to nateglinide (N=150), a clinically 
significant reduction in HbA1c was seen in both groups with a mean reduction of 1.6% in those randomized to 
repaglinide vs 1.0% in those randomized to nateglinide (P=0.002).15 At the end of the study, 54% of the 
repaglinide-treated patients had HbA1c values <7% vs 42% of the nateglinide-treated patients; however, the 
difference did not reach statistical significance (P=0.18). There were no major hypoglycemic episodes in either 
treatment group.  Patients receiving repaglinide experienced more weight gain than those receiving nateglinide 
(1.8 kg vs 0.7 kg; P=0.04).  In the second study comparing repaglinide to nateglinide (N=192), both in 
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combination with metformin, a clinically significant reduction in HbA1c was seen in both groups with the greatest 
reduction in the repaglinide group (1.3% vs 0.7%, respectively; P<0.001).26 The percent of patients who achieved 
final HbA1c values of <7% was 59% for the repaglinide group and 47% for the nateglinide group (P value not 
reported).  Mean changes in fasting plasma glucose were significantly greater for patients receiving repaglinide 
than nateglinide (P=0.002). Additional studies have reported that when nateglinide or repaglinide was added to 
metformin therapy, the changes from baseline for HbA1c and fasting plasma glucose levels were significantly 
greater than either meglitinide monotherapy or metformin monotherapy.23,25, 28,33 This additive effect was also seen 
when repaglinide was given with rosiglitazone.29 The change in HbA1c and fasting plasma glucose from baseline 
was significant for repaglinide plus rosiglitazone when compared to either as monotherapy. According to studies 
comparing the efficacy of a meglitinide to other oral diabetes agents, meglitinide may offer an alternative oral 
hypoglycemic agent of similar potency to metformin and sulfonylurea and can be used where side effects of the 
other oral diabetes agents are intolerable or where those agents are contraindicated.17-19,23,27,30,32-33 From the data 
presented, there is no evidence available to indicate what effects meglitinides will have on important long-term 
outcomes and it is difficult to determine if one meglitinide offers an advantage in glycemic control or safety over 
the other. 
 
Although ADA/EASD treatment guidelines state that for the treatment of type 2 diabetes there is insufficient data 
to support recommending one class of agents or a combination of medications over others with regards to effects 
on complications, the guideline does recommend that metformin, along with lifestyle intervention, should be the 
initial pharmacologic therapy in the absence of specific contraindications.8,9 The updated ADA/EASD guideline 
states that α-glucosidase inhibitors, exenatide, meglitinides, pramlintide and sitagliptin were not included in the 
treatment algorithm due to their generally lower overall glucose-lowering effectiveness and limited clinical data. 
However, these agents may be appropriate in selected patients.9 The IDF and ICSI do not consider the meglitinides 
a first-line treatment option; however, the NICE states that the insulin secretagogues (meglitinides and 
sulfonylureas) should be considered a first-line treatment choice in nonoverweight patients or when metformin is 
not tolerated or contraindicated.5,12-13  Currently, the ACE/AACE Diabetes Road Map recommends that in type 2 
diabetic patients naïve to pharmacologic therapy with an HbA1c of 6%-7%, meglitinides are considered an 
alterative for patients not able to take initial therapy (dipeptidyl peptidase-4 [DPP-4] inhibitors, metformin, etc.). 
For patients with an HbA1c of 7%-8%, meglitinides may be combined with an α-glucosidase inhibitor, a DPP-4 
inhibitor, metformin, a sulfonylurea or a thiazolidinedione to achieve glycemic goals. Two or more agents may be 
required. The Road Map also recommends that for patients with an HbA1c of 8%-9%, meglitinides may be 
combined with a basal insulin analog, a DPP-4 inhibitor, metformin, NPH insulin, a prandial insulin, premixed 
insulin preparations, a sulfonylurea, a thiazolidinedione or other approved combinations to achieve glycemic 
goals. For patients with an HbA1c of 9%-10%, meglitinides may be combined with a basal insulin analog, 
metformin, NPH insulin, a prandial insulin, premixed insulin preparations, a sulfonylurea, a thiazolidinedione or 
other approved combinations to achieve glycemic goals. The Road Map recommends that for the treatment of type 
2 diabetic patients currently treated pharmacologically with an HbA1c of 6.5%-8.5%, a meglitinide may be added 
to metformin to achieve glycemic goals.11 

 
The pharmacokinetics of repaglinide and nateglinide are similar.2-3,10-12 They are both rapidly absorbed, stimulate 
the release of insulin within 30 minutes and are rapidly metabolized in the liver; therefore, following preprandial 
administration of these medications, insulin is more readily available during and just after a meal. Additionally, 
they both are taken before meals. They share the same contraindications, which include type 1 diabetes, diabetic 
ketoacidosis, and a known hypersensitivity to the agents or its inactive ingredients. There are few moderate and/or 
major drug interactions within the meglitinides. They share the following adverse events: hypoglycemia, diarrhea, 
arthralgias, bronchitis, and upper respiratory infections. Recently during the post-marketing experience, rare cases 
of hypersensitivity reactions such as rash, itching and urticaria have been reported with nateglinide.2 Overall, there 
are more adverse events reported with repaglinide; however, in the comparison trial of repaglinide monotherapy to 
nateglinide monotherapy, there were no notable differences in the pattern of adverse events between the groups.15 

 
Therefore, all brand products within the class reviewed are comparable to each other and to the generics and over-
the-counter products in this class and offer no significant clinical advantage over other alternatives in general use.  
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XI. Recommendations 
 
No brand meglitinide is recommended for preferred status. Alabama Medicaid should accept cost proposals from 
manufacturers to determine cost effective products and possibly designate one or more preferred brands. 
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I. Overview 
 

Sulfonylureas are the oldest of the oral antidiabetic medications and the single entity agents are all available 
generically. They are Food and Drug Administration (FDA) approved for the treatment of type 2 diabetes. 
Sulfonylureas stimulate the release of insulin by binding to the sulfonylurea receptor on pancreatic β cells and 
increase basal and postprandial insulin secretion; therefore, they are useful only in patients with some β-cell 
function. They generally lower blood glucose concentrations by approximately 20% and HbA1c levels by 1% to 
2%.1-2 

 
The sulfonylureas can be divided into two categories: first generation and second generation.2-3 The first 
generation sulfonylureas consist of acetohexamide, chlorpropamide, tolazamide, and tolbutamide. The second 
generation sulfonylureas consist of glimepiride, glipizide, and glyburide. The second generation agents have 
structural characteristics that allow them to be given in much lower doses than the first generation agents. In 
general, the sulfonylureas differ in their pharmacokinetic parameters; however, they are equally effective when 
administered in equipotent doses.1-2 

 
The single entity sulfonylureas that are included in this review are listed in Table 1. This review encompasses all 
dosage forms and strengths.  

  
Table 1.  Single Entity Sulfonylureas Included in this Review 

Generic Name Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
acetohexamide tablet Dymelor† acetohexamide 
chlorpropamide tablet Diabinese®* chlorpropamide 
glimepiride tablet Amaryl®* glimepiride 
glipizide sustained-release tablet, tablet Glucotrol XL®*, 

Glucotrol®* 
glipizide 

glyburide tablet Diabeta®*, Micronase®* glyburide 
glyburide, 
micronized 

tablet Glycron®*, Glynase®* glyburide 

tolazamide tablet Tolinase®*† tolazamide 
tolbutamide tablet Orinase®*† tolbutamide 
*Generic is available in at least one dosage form or strength.  
†Brand is no longer available. 
 

II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current treatment guidelines that incorporate the single entity sulfonylureas are summarized in Table 2. For a 
comprehensive overview of the treatment of diabetes, please refer to the Appendix. 

 
Table 2.  Treatment Guidelines Using the Single Entity Sulfonylureas 

Clinical Guideline Recommendation(s) 
American Diabetes Association 
(ADA):  
Standards of Medical Care in 
Diabetes—20084 

Prevention of Type 2 Diabetes 
• Metformin should be the only drug considered for use in diabetes prevention. 

For other drugs, issues of side effects and lack of persistence of effect in some 
studies led the panel to not recommend their use for diabetes prevention. 

• In addition to lifestyle counseling, metformin may be considered in those who 
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Clinical Guideline Recommendation(s) 
are at very high risk and who are obese and under 60 years of age. 

 
Treatment of Type 2 Diabetes 
• Please see the following guideline (2006) and consensus statement update 

(2008) by the American Diabetes Association (ADA)/European Association for 
the Study of Diabetes (EASD).  

American Diabetes Association 
(ADA)/European Association for the 
Study of Diabetes (EASD): 
Management of Hyperglycemia in 
Type 2 Diabetes: A Consensus 
Algorithm for the Initiation and 
Adjustment of Therapy (2006)5 

• There is insufficient data to support recommending one class of agents or a 
combination of medications over others with regards to effects on 
complications. 

• Metformin, along with lifestyle intervention, should be the initial 
pharmacologic therapy in the absence of specific contraindications, when 
lifestyle intervention fails to achieve or maintain metabolic goals. 

• If lifestyle intervention and maximally tolerated doses of metformin fail to 
achieve glycemic goals, another medication should be added within 2-3 months 
of therapy initiation or whenever HbA1c goal is not achieved. Second-line 
pharmacologic therapies may include insulin, a sulfonylurea, or a 
thiazolidinedione. 

• When more than one antihyperglycemic medication is used, the synergy of 
particular combinations and other interactions should be considered.  

• When rapid-acting or short-acting insulins are started, insulin secretagogues 
(meglitinides or sulfonylureas) should be discontinued, or tapered and then 
discontinued. 

American Diabetes Association 
(ADA)/European Association for the 
Study of Diabetes (EASD):  
Management of Hyperglycemia in 
Type 2 Diabetes Mellitus: A 
Consensus Algorithm for the 
Initiation and Adjustment of 
Therapy: Update Regarding the 
Thiazolidinediones (2008)6 

• Insulin, sulfonylureas and thiazolidinediones remain the recommended 
treatment options that should be added to metformin and lifestyle modifications 
if target HbA1c levels are not achieved. However, greater caution should be 
exercised prior to selecting a thiazolidinedione in patients at risk for safety 
concerns.  

American Association of Clinical 
Endocrinologists (AACE):  
Medical Guidelines for Clinical 
Practice for the Management of 
Diabetes Mellitus (2007)7 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, initiate monotherapy with α-glucosidase 

inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors, metformin, secretagogues 
(meglitinides or sulfonylureas) or thiazolidinediones. 

• In patients with an HbA1c of 7%-8%, initiate combination therapy. Regimens 
may include a secretagogue with an α-glucosidase inhibitor, metformin 
(concurrent therapy or fixed-dose regimens), a thiazolidinedione (concurrent 
therapy or fixed-dose regimens) or metformin plus a thiazolidinedione. 

• In patients with an HbA1c of 8%-10%, initiate/intensify combination therapy to 
address fasting and postprandial glucose levels. 

 
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• The combination therapies listed for patients naïve to therapy are appropriate 

for patients being treated pharmacologically.  
• Additionally, exenatide may be combined with approved oral therapies, 

including secretagogue and a secretagogue plus metformin, in patients who 
have not achieved glycemic goals.  

American College of Endocrinologists 
(ACE)/American Association of 
Clinical Endocrinologists (AACE), 
Diabetes Road Map Task Force:  
Road Maps to Achieve Glycemic 
Control in Type 2 Diabetes (2007)8 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, sulfonylureas are considered an alterative 

for patient not able to take initial therapy (α-glucosidase inhibitors, dipeptidyl 
peptidase-4 [DPP-4] inhibitors, metformin, or thiazolidinediones). 

• In patients with an HbA1c of 7%-8%, a sulfonylurea may be combined with an 
α-glucosidase inhibitor, a DPP-4 inhibitor, a meglitinide, metformin, or a 
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Clinical Guideline Recommendation(s) 
thiazolidinedione to achieve glycemic goals. Two or more agents may be 
required. 

• In patients with an HbA1c of 8%-9%, a sulfonylurea may be combined with a 
basal insulin analog, a DPP-4 inhibitor, a meglitinide, metformin, NPH insulin, 
a prandial insulin, premixed insulin preparations, a thiazolidinedione or other 
approved combinations to achieve glycemic goals. 

• In patients with an HbA1c of 9%-10%, a sulfonylurea may be combined with a 
basal insulin analog, a meglitinide, metformin, NPH insulin, a prandial insulin, 
premixed insulin preparations, a thiazolidinedione or other approved 
combinations to achieve glycemic goals. 

  
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• In patients with an HbA1c of 6.5%-8.5%, a sulfonylurea may be added to 

metformin, a thiazolidinedione, an incretin mimetic with or without metformin, 
or in combination with an incretin mimetic, thiazolidinedione and/or metformin 
to achieve glycemic goals. 

International Diabetes Federation 
(IDF) Clinical Guidelines Task Force:  
Global Guideline for Type 2 
Diabetes (2005)9 

• Sulfonylureas should be considered when metformin fails or as first-line therapy 
in nonoverweight patients. 

• When glucose concentrations are not controlled to target levels, peroxisome 
proliferator-activated receptor (PPAR)-γ agonists (thiazolidinediones) may be 
added to metformin as an alternative to sulfonylureas, added to a sulfonylurea 
when metformin is contraindicated, or used in addition to 
metformin/sulfonylurea combination therapy. 

Institute for Clinical Systems 
Improvement (ICSI):  
Healthcare Guideline: Management 
of Type 2 Diabetes Mellitus (2006)10 

• Sulfonylureas and thiazolidinediones are acceptable secondary choices to 
metformin. 

• Combination therapy with oral agents may be required to achieve goals. 

National Institute for Health and 
Clinical Excellence (NICE): 
Clinical Guidelines for Type 2 
Diabetes: Management of Blood 
Glucose (2002)11 

• Insulin secretagogues (meglitinides and sulfonylureas) should be considered a 
first-line treatment choice in nonoverweight patients or when metformin is not 
tolerated or contraindicated. 

• Insulin secretagogues should be used in combination with metformin in 
overweight patients when glucose control is unsatisfactory. 
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III. Indications 
 

FDA-approved indications for the single entity sulfonylureas are noted in Table 3. While agents within this therapeutic class may have demonstrated 
positive activity via in vitro trials, the clinical significance of this activity remains unknown until fully demonstrated in well-controlled, peer-reviewed 
in vivo clinical trials. As such, this review and the recommendations provided are based exclusively upon the results of such clinical trials. 

  
Table 3.  FDA-Approved Indications for the Single Entity Sulfonylureas12-24 

Indication Aceto-
hexamide 

Chlor-
propamide 

Glimepiride Glipizide Glyburide Glyburide, 
micronized 

Tol-
azamide 

Tol-
butamide 

Adjunct to diet to lower the blood glucose in patients 
with type 2 diabetes whose hyperglycemia cannot be 
controlled by diet alone 

a a       

Adjunct to diet and exercise to lower the blood 
glucose in patients with non-insulin-dependent (type 
2) diabetes mellitus (NIDDM) whose hyperglycemia 
cannot be controlled by diet and exercise alone 

  a      

May be used concomitantly with metformin when 
diet, exercise, and glimepiride or metformin alone do 
not result in adequate glycemic control 

  a      

For use in combination with insulin to lower blood 
glucose in patients whose hyperglycemia cannot be 
controlled by diet and exercise in conjunction with an 
oral hypoglycemic agent 

  a      

Adjunct to diet for the control of hyperglycemia and 
its associated symptomatology in patients with type 2 
diabetes formerly known as non-insulin-dependent 
diabetes mellitus (NIDDM) or maturity-onset 
diabetes, after an adequate trial of dietary therapy has 
proved unsatisfactory 

   a     

Adjunct to diet to lower the blood glucose in patients 
with non-insulin-dependent diabetes mellitus (type 2) 
whose hyperglycemia cannot be satisfactorily 
controlled by diet alone 

    a a   

May be used concomitantly with metformin when diet 
and glyburide or diet and metformin alone do not 
result in adequate glycemic control 

    a a   

Adjunct to diet to lower the blood glucose in patients 
with non-insulin-dependent diabetes mellitus (type 2) 
whose hyperglycemia cannot be controlled by diet 
alone 

      a a 
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IV. Pharmacokinetics 
 
 The pharmacokinetic parameters for the single entity sulfonylureas are summarized in Table 4.   
 
Table 4. Pharmacokinetic Parameters of the Single Entity Sulfonylureas12-24 

Drugs(s) Onset 
(hours) 

Duration 
(hours) 

Renal 
Excretion (%) 

Active Metabolites Serum Half-
Life (hours) 

Acetohexamide 1 12-24 100 Yes 6-8 
Chlorpropamide 1 24-60 100 Yes 36 
Glimepiride 2-3 24 60 Yes 9 
Glipizide 1-3 10-24 80-85 No 2-4 
Glipizide sustained-release 2-3 24 80 No 2-5 
Glyburide 2-4 16-24 50 Yes 10 
Glyburide, micronized 1 12-24 50 Yes 4 
Tolazamide 4-6 12-24 100 Yes 7 
Tolbutamide 1 6-12 100 No 4.5-6.5 
 
V. Drug Interactions 
 
 Significant drug interactions with the single entity sulfonylureas are listed in Table 5.  
 
Table 5.  Significant Drug-Drug Interactions with the Single Entity Sulfonylureas24 

Drug(s) Significance 
Level 

Interaction Mechanism 

Sulfonylureas (glyburide) 1 Bosentan Bosentan may increase the metabolism (CYP2C9 and 
CYP3A4) of glyburide. Other mechanisms may also be 
involved. Plasma levels of bosentan and glyburide may 
be decreased. Increased risk of elevated liver enzymes, 
resulting in serious liver injury may occur.  

Sulfonylureas 
(acetohexamide, 
chlorpropamide, 
glimepiride, glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Angiotensin-
converting enzyme 
(ACE) inhibitors 

ACE inhibitors may cause a temporary increase in insulin 
sensitivity increasing the risk for hypoglycemia. 

Sulfonylureas (specific 
agents not listed) 

2 Charcoal Charcoal can reduce the absorption of many drugs and 
remove them from systemic circulation which will reduce 
the effectiveness or toxicity of a given agent. 

Sulfonylureas 
(acetohexamide, 
chlorpropamide, 
glimepiride glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Chloramphenicol Chloramphenicol may reduce hepatic clearance of certain 
sulfonylureas and cause an increased hypoglycemic 
response. Monitor for hypoglycemia and blood glucose 
concentrations and adjust sulfonylurea doses as needed.  

Sulfonylureas 
(acetohexamide, 
chlorpropamide, 
glimepiride glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Clofibrate Clofibrate may cause an increased hypoglycemic 
response of certain sulfonylureas through an unknown 
mechanism. Monitor for hypoglycemia and blood 
glucose concentrations and adjust sulfonylurea doses 
accordingly. 

Sulfonylureas 
(acetohexamide, 
chlorpropamide, 
glimepiride glipizide, 

2 Diazoxide Diazoxide may decrease endogenous insulin release and 
cause increases in glucose and free fatty acids producing 
a decrease in glycemic control in patients stabilized on a 
sulfonylurea. Monitor blood glucose concentrations and 
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Drug(s) Significance 
Level 

Interaction Mechanism 

glyburide, tolazamide, 
tolbutamide) 

adjust doses of each medication accordingly. 

Sulfonylureas 
(acetohexamide, 
chlorpropamide, 
glimepiride glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Ethanol Ethanol prolongs glipizide activity by delaying glipizide 
absorption and elimination and decreases the half-life of 
tolbutamide by causing a decrease in absorption of the 
active drug and a more rapid metabolism by the liver. 
The mechanism for the alcohol-chlorpropamide 
disulfiram-like reaction has not been elucidated. 

Sulfonylureas 
(glimepiride, tolbutamide) 

2 Fluconazole Fluconazole may inhibit the metabolism of certain 
sulfonylureas (including glimepiride), increasing the 
hypoglycemic effects. Monitor blood glucose 
concentrations when coadministered. 

Sulfonylureas 
(acetohexamide, 
chlorpropamide, 
glimepiride glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Monoamine 
oxidize inhibitors 
(MAOIs) 

MAOIs may enhance the hypoglycemic action of 
sulfonylureas through an unknown mechanism. Monitor 
blood glucose concentrations and adjust doses of the 
sulfonylurea accordingly. 

Sulfonylureas 
(chlorpropamide, 
tolbutamide) 
 

2 Oral 
anticoagulants 
(dicumarol) 

The oral anticoagulant dicumarol can inhibit the 
metabolism of certain sulfonylureas and cause an 
increased hypoglycemic response. Doses of the 
sulfonylurea may need to be decreased.  

Sulfonylureas 
(acetohexamide, 
chlorpropamide, 
glimepiride, glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Rifamycins Rifamycins may decrease the half-life and increase the 
clearance of certain sulfonylureas (including glimepiride) 
through increased metabolism. The dose of the 
sulfonylurea may need to be increased.  

Sulfonylureas 
(acetohexamide, 
chlorpropamide, 
glimepiride, glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Salicylates Salicylates can reduce plasma glucose levels and enhance 
insulin secretion, adding to the hypoglycemic effects of 
sulfonylureas. Monitor blood glucose concentrations and 
adjust the doses of the sulfonylurea accordingly. 

Sulfonylureas 
(acetohexamide, 
chlorpropamide, glipizide, 
tolazamide, tolbutamide) 

2 Sulfonamides Sulfonamides may impair the metabolism of certain 
sulfonylureas and enhance the hypoglycemic effects of 
sulfonylureas. Monitor blood glucose concentrations and 
adjust doses of the sulfonylurea accordingly. Glyburide is 
a noninteracting alternative.  

Sulfonylureas 
(acetohexamide, 
chlorpropamide, 
glimepiride glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Thiazide diuretics Thiazide diuretics may increase fasting blood glucose 
levels resulting in decreased glycemic control. Dose 
increases of the sulfonylurea may be required to maintain 
glycemic control. 

Sulfonylureas 
(chlorpropamide) 

2 Urinary 
alkalinizers 

The renal clearance of chlorpropamide increases as 
urinary pH increases and it appears that urinary pH 
affects the ratio of renal and metabolic clearance. 

Significance Level 1=major severity 
Significance Level 2=moderate severity 
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VI. Adverse Drug Events 
 

The most common adverse reactions reported with the single entity sulfonylureas are noted in Table 6. In addition the administration of oral hypoglycemic 
drugs has been reported to be associated with increased cardiovascular mortality as compared to treatment with diet alone or diet plus insulin. This 
association has led to a warning and is based on the study conducted by the University Group Diabetes Program (UGDP), a long-term, prospective clinical 
trial designed to evaluate the effectiveness of glucose-lowering drugs in preventing or delaying vascular complications in patients with non-insulin-
dependent diabetes. However it is important to note that only tolbutamide was included in this study.12-24 

  
Table 6.  Adverse Drug Events (%) Reported with the Single Entity Sulfonylureas12-24 

Adverse Event Aceto-
hexamide 

Chlor-
propamide  

Glimepiride Glipizide Glipizide 
Extended-Release 

Glyburide  Glyburide, 
Micronized 

Tol-
azamide 

Tol-
butamide 

Cardiovascular 
Arrhythmia - - - - <1 - - - - 
Flushing - - - - <1 - - - - 
Hypertension - - - - <1 - - - - 
Migraine - - - - <1 - - - - 
Syncope - - - - <3 - - - - 
Venospasm - - - - - - - - a 
Central Nervous System 
Anxiety - - - - <3 - - - - 
Confusion - - - - <1 - - - - 
Depression - - - - <3 - - - - 
Dizziness - a 1.7 a 6.8 - - a a 
Drowsiness >10 - - a - - - - - 
Gait abnormality - - - - <1 - - - - 
Headache >10 a 1.5 a 8.6 - - a a 
Hypesthesia - - - - <3 - - - - 
Insomnia - - - - <3 - - - - 
Nervousness - - - - 3.6 - - - - 
Paresthesia - - - - <3 - - - - 
Somnolence - - - - <1 - - - - 
Vertigo - - - - <1 - - - - 
Dermatological 
Allergic skin reactions - - <1 a - 1.5 1.5 - - 
Angioedema - - - - - a a - - 
Eczema - - - a - - - - - 
Erythema - a <1 a - 1.5 1.5 - - 
Exfoliative dermatitis - a - - - - - - - 
Mobilliform or macropapular - ≤1 <1 a - 1.5 1.5 - - 
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Adverse Event Aceto-
hexamide 

Chlor-
propamide  

Glimepiride Glipizide Glipizide 
Extended-Release 

Glyburide  Glyburide, 
Micronized 

Tol-
azamide 

Tol-
butamide 

eruptions 
Photosensitivity  1-10 a a a - a a a a 
Porphyria cutanea tarda <1 a a a - a a - - 
Pruritis - <3 - a <3 1.5 1.5 - - 
Rash 1-10 - <1 - <1 - - a a 
Sweating - - - - <3 - - - - 
Urticaria 1-10 ≤1 <1 a <1 1.5 1.5 a a 
Vasculitis - - a - - a a - - 
Endocrine and Metabolic 
Cholestatic jaundice <1 a a a - a a a a 
Edema - - - - <1 - - - - 
Elevated liver enzyme levels - - a - - - - - - 
Hepatic porphyria - a a a - - - - - 
Hepatitis - - a - - a a - - 
Hypoglycemia <1 a 1-2 a ≤3.4 a - a a 
Hyponatremia - a a a - a a - - 
Liver function abnormalities - - a - - a a - - 
SIADH < a a a - a a a a 
Transaminase elevation - - - - - a a - - 
Gastrointestinal 
Anorexia >10 <2 - - <1 - - a a 
Constipation >10 - - 1 <3 - - a a 
Diarrhea >10 <2 <1 1 5.4 - - a a 
Dyspepsia - - - - <3 - - - - 
Epigastric fullness >10 - - - - 1.8 1.8 a a 
Flatulence - - - - 3.2 - - - - 
Heartburn >10 - - - - 1.8 1.8 a a 
Hunger - <2 - - - - - - - 
Gastralgia - - - 1 - - - - - 
Gastrointestinal pain - - <1 - - - - - - 
Nausea - <5 1.1 1 <3 1.8 1.8 a - 
Proctocolitis - <1 - - - - - - - 
Trace blood in stool - - - - <1 - - - - 
Vomiting - <2 <1 - <3 - - a - 
Genitourinary 
Diuretic effect - - - - - - - a - 
Dysuria - - - - <1 - - - - 
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Adverse Event Aceto-
hexamide 

Chlor-
propamide  

Glimepiride Glipizide Glipizide 
Extended-Release 

Glyburide  Glyburide, 
Micronized 

Tol-
azamide 

Tol-
butamide 

Polyuria - - - - <3 - - - - 
Hematologic 
Agranulocytosis <1 a a a - a a a a 
Aplastic anemia <1 a a a - a a a a 
Hemolytic anemia <1 a a a - a a a a 
Leukopenia - a a a - a a - a 
Pancytopenia <1 a a a - a a - - 
Thrombocytopenia <1 a a a - a a a a 
Laboratory Test Abnormalities 
Elevated alkaline phosphatase - - - a - - - - - 
Elevated BUN - - - a - - - - - 
Elevated creatinine - - - a - - - - - 
Elevated LDH - - - a - - - - - 
Elevated SGOT - - - a - - - - - 
Musculoskeletal 
Asthenia - - 1.6 - 10.0 - - - - 
Arthralgia - - - - <3 a a - - 
Leg cramps - - - - <3 - - - - 
Myalgia - - - - <3 a a - - 
Respiratory 
Dypsnea - - - - <1 - - - - 
Pharyngitis - - - - <1 - - - - 
Rhinitis - - - - <3 - - - - 
Other 
Blurred vision - - <1 - <3 a a - - 
Changes in accommodation - - a - - a a - - 
Chills - - - - <1 - - - - 
Conjunctivitis - - - - <1 - - - - 
Disulfiram-like reaction - a a a - a a a a 
Hypersensitivity reaction - - - - - - - - a 
Ocular pain - - - - <1 - - - - 
Pain - - - - <3 - - - - 
Thirst - - - - <1 - - - - 
Tremor - - - - 3.6 - - - - 
SIADH=syndrome of inappropriate antidiuretic hormone secretion, BUN=blood nitrogen urea, LDH=lactic dehydrogenase, SGOT=serum glutamic-oxaloacetic transaminase 
aPercent not specified or incidence <1%. 
 - Event not reported
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VII. Dosing and Administration 
 
 The usual dosing regimens for the single entity sulfonylureas are summarized in Table 7. 
 
Table 7.  Usual Dosing for the Single Entity Sulfonylureas12-24 

Drug Usual Adult Dose Usual Pediatric Dose Availability 
Acetohexamide Initial: 250 mg daily 

 
Maintenance: 250 mg to 1.5 g daily (larger doses may 
be given in divided doses) 
 
Maximum: 1.5 g daily 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
500 mg 

Chlorpropamide  Tablet: initial, 100 mg to 250 mg daily; maintenance, 
100 mg to 500 mg daily; maximum, 750 mg daily 

Safety and efficacy in 
children have not been 
established. 

Tablet:  
100 mg 
250 mg 

Glimepiride Tablet: initial, 1 mg to 2 mg once daily; maintenance, 1 
mg to 4 mg once daily; maximum, 8 mg once daily 

The safety and efficacy of 
glimepiride were evaluated 
in pediatric patients aged 8-
17 years with type 2 
diabetes. The adverse 
reaction profile in these 
patients was similar to that 
observed in adults.  

Tablet:  
1 mg  
2 mg 
4 mg  

Glipizide Tablet: initial, 2.5 mg to 5 mg once daily; maintenance, 
2.5 mg to 40 mg daily (doses >15 mg should be given 
in divided doses); maximum, 40 mg daily 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
5 mg 
10 mg 

Glipizide 
extended-release 

Tablet: initial, 5 mg once daily; maintenance, 5 mg to 
10 mg once daily; maximum, 20 mg daily 

Safety and efficacy in 
children have not been 
established. 

Tablet:  
2.5 mg 
5 mg 
10 mg 

Glyburide Tablet: initial, 2.5 mg to 5 mg once daily; maintenance, 
1.25 mg to 20 mg daily, which may be given as a 
single or divided dose; maximum, 20 mg daily 

Safety and efficacy in 
children have not been 
established. 

Tablet:  
1.25 mg 
2.5 mg 
5 mg 

Glyburide, 
micronized 

Tablet: initial, 1.5 mg to 3 mg once daily; maintenance, 
0.75 mg to 12 mg, which may be given as a single or 
divided dose; maximum, 12 mg daily  

Not recommended for use in 
pediatric patients. 

Tablet: 
1.5 mg  
3 mg  
4.5 mg 
6 mg 

Tolazamide Tablet: initial, 100 mg to 250 mg once daily; 
maintenance, 250 mg to 500 mg daily, doses greater 
than 500 mg should be given in divided doses twice 
daily; maximum, 1 g daily 

Safety and efficacy in 
children have not been 
established. 

Tablet:  
100 mg  
250 mg  
500 mg 

Tolbutamide Tablet: initial, 1 g to 2 g daily in single or divided 
doses; maintenance, 250 mg to 3 g daily (larger doses 
may be given in divided doses); maximum, 3 g daily 

Safety and efficacy in 
children have not been 
established. 

Tablet:  
500 mg 
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VIII. Effectiveness  
 
 Clinical studies evaluating the safety and efficacy of the single entity sulfonylureas are summarized in Table 8.  
 
Table 8.  Comparative Clinical Trials Using the Single Entity Sulfonylureas 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample 
Size 

and Study 
Duration 

End Points Results 

Go et al25 

 
Glipizide 
gastrointestinal 
therapeutic system 
(GITS) 5 to 20 mg QD 
in the morning 
 
vs 
 
glipizide GITS 5 to 20 
mg QD in the evening 
 
vs 
 
glibenclamide* 5 to 20 
mg QD in the morning  
 
vs 
 
placebo 

DB, PC, RCT 
 
Patients from 30-80 
years of age with a 
documented 
diagnosis of type 2 
diabetes at least 6 
months prior to the 
study and who had 
been treated with 
diet alone and/or 
sulfonylureas for at 
least 2 months 

N=42 
 

8 weeks 
 

Primary:  
Change from baseline in 
hepatic glucose 
production 
 
Secondary:  
Changes in fasting and 24 
hour glucose and insulin, 
fructosamine, and HbA1c 

Primary:  
Hepatic glucose production in the patients receiving glipizide GITS in the 
morning (P<0.05) or glibenclamide (P<0.01) was significantly reduced at the 
end of the study compared to baseline. There were no significant differences in 
hepatic glucose production found when comparing glipizide GITS in the 
morning, glipizide GITS in the evening, and glibenclamide. 
 
Secondary:  
Fasting and 24 hour glucose were significantly reduced from baseline to a 
similar degree by glipizide GITS in the morning (33%; P<0.001, 39%; 
P<0.0001, respectively), glipizide GITS in the evening (33%; P<0.0001, 32%; 
P<0.0001), and glibenclamide (37%; P<0.05, 37%; P<0.0001). There were no 
P values reported comparing active treatments to each other. 
 
Fructosamine and HbA1c were significantly reduced from baseline by glipizide 
GITS in the morning (28%; P<0.001, 22%; P<0.0001, respectively), glipizide 
GITS in the evening (25%; P<0.005, 24%; P<0.005), and glibenclamide (17%; 
P<0.001, 14%; P<0.05). Each active treatment group improved glycemic 
control and resulted in beneficial effects on fructosamine and HbA1c.  No P 
values were reported comparing active treatments to each other. 

Birkeland et al26 
 
Glipizide 
 
vs 
 
glyburide 
 
vs 
 

DB, PC, PRO, RCT 
  
Patients with non-
insulin-dependent 
diabetes (type 2) 
mellitus 

N=46 
 

15 months 
 

Primary:  
Changes in HbA1c, 
postprandial glucose 
levels, fasting and 
postprandial insulin levels 
 
Secondary:  
Not reported 

Primary:  
There was a comparable reduction in HbA1c by both active treatments versus 
placebo throughout the study. There was a marked initial decrease in the 
glipizide and glyburide groups, but all three groups showed gradually 
increasing HbA1c levels (P values not reported). 
 
Glipizide and glyburide achieved and maintained lower postprandial glucose 
levels and increased fasting and postprandial insulin levels compared to placebo 
(P values not reported). 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample 
Size 

and Study 
Duration 

End Points Results 

placebo Secondary:  
Not reported 

Burge et al27 

 
Week 1 
 
Placebo  
 
vs  
 
Week 2  
 
glipizide GITS 10 mg 
every morning  
 
vs 
 
glyburide 10 mg every 
morning 
 
vs 
 
Week 3 
 
glipizide GITS 20 mg 
every morning  
 
vs 
 
glyburide 20 mg every 
morning 

DB, PC, PRO, RCT, 
sequential 
  
Patients aged 55-77 
years old with type 
2 diabetes treated 
with oral 
sulfonylureas alone 
for at least 2 months 

N=58 
 

3 weeks 
 

Primary:  
Development of 
hypoglycemia during the 
final 9 hours of the 23-
hour fast 
 
Secondary:  
Changes in plasma 
glucose, C-peptide, 
glucagon, and 
catecholamine 
concentrations 
 

Primary:  
No hypoglycemia occurred during any of the fasting studies. 
 
Secondary:  
Plasma glucose was significantly decreased from baseline when comparing all 
active treatments to placebo (P<0.001). When the dose of each agent was 
doubled, an additional decrease of plasma glucose was observed. Plasma 
glucose parameters did not differ between the 2 sulfonylureas.  
 
Mean and peak C-peptide levels were significantly increased compared to 
placebo for both treatment groups at the 10 mg and 20 mg doses. Mean C-
peptide concentration were increased in the glyburide group compared with the 
glipizide GITS group during the 20 mg study by nonpaired Student t test 
(P=0.05). 
 
Concentrations of glucagon and norepinephrine did not differ according to 
treatment group or dosage. There were no differences in plasma epinephrine 
concentrations according to treatment group. Baseline and nadir levels of 
epinephrine did not differ from placebo with active treatment. Mean and peak 
levels of epinephrine were significantly increased compared to placebo during 
both the 10 mg and 20 mg studies when the treatment groups were combined 
(P<0.001). There was no difference in epinephrine response between the 10 mg 
and 20 mg studies. 

Martin et al28 

 
Glimepiride (mean 
daily dose of 2.02 to 
2.42 mg daily during 

Observational study 
with a controlled 
cohort study, MC 
 
Drug treatment-

N=520 
 

1 year ± 3 
months 

 

Primary:  
Mean change in body 
weight and 
BMI 
 

Primary:  
Both treatments led to significant reductions in body weight and BMI over the 
observed treatment period as compared to baseline (P<0.01). 
 
Mean weight loss from baseline to endpoint was greater with glimepiride than 
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trial period)  
 
vs 
 
glibenclamide* (mean 
daily dose of 4.95 mg 
to 6.17 mg daily during 
the trial period) 
 

naïve patients ≥35 
years old with a 
confirmed type 2 
diabetes diagnosis 
who with or without 
dieting received 
initial dose 
adjustment with 
glimepiride or 
glibenclamide 
during the study 
period from April 
1998 to March 
1999, disease 
duration <5 years, a 
BMI ≥27 kg/m2, 
patients before or 
during the study 
were not taking any 
antidiabetic 
medications other 
than glimepiride or 
glibenclamide or 
any other 
medication known 
to influence body 
weight 

 Secondary:  
Changes in HbA1c, fasting 
blood glucose, and 
cholesterol 

with glibenclamide (–2.04 ±3.99 kg vs –0.58 ±3.65 kg, respectively; P<0.001). 
The variability of the changes between centers was significant (P<0.001), the 
differences between the treatment arms in change in body weight from baseline 
was still significant (P=0.027) if the centers were taken into account as an 
additional factor. Glimepiride achieved a greater reduction in BMI than 
glibenclamide over the observed period (–0.72 ±1.38 kg/m2 vs  
–0.20 ±1.28 kg/m2, respectively; P<0.001). 
 
Secondary:  
There were significant decreases from baseline in fasting blood glucose and 
HbA1c from baseline for both groups (P<0.001). The mean change from 
baseline for HbA1c was –1.23% ±0.09 for glimepiride and –1.26% ±0.09 for 
glibenclamide (no P values reported). The mean change from baseline for 
fasting blood glucose was –2.43 ±0.24 mmol/L for glimepiride and –3.03 ±0.24 
mmol/L for glibenclamide (no P values reported). 
 
Changes from baseline for total cholesterol were significant for both groups 
(P<0.001). The change was –0.31 ±0.06 mmol/L for glimepiride and –0.29 
±0.06 mmol/L for glibenclamide (no P values reported). 
 
Change from baseline for high-density lipoprotein were 0.07 ±0.02 for 
glimepiride from baseline (P=0.004) and –0.02 ±0.04 for glibenclamide from 
baseline (P=0.924). No P values were reported between the groups. 
 
Change from baseline for low-density lipoprotein was –0.21 ±0.06 mmol/L for 
glimepiride from baseline (P=0.001) and –0.33 ±0.07 for glibenclamide from 
baseline (P<0.001). No P values were reported between the groups. 
 
Change from baseline for triglycerides was –0.03 ±0.12 mmol/L for glimepiride 
from baseline (P=0.111) and –0.29 ±0.09 for glibenclamide from baseline 
(P<0.001). No P values were reported between the groups. 

Chung et al29 

 
Glipizide immediate-
release (IR) 10 mg BID 
 

OL, RCT, XO 
 
Men aged 42-71 
with type 2 diabetes 
with no significant 

N=25 
 

~1 month 
 
 

Primary:  
Changes in 
pharmacokinetic 
parameters, serum 
glucose, insulin, and C-

Primary:  
For each tablet formulation, plasma glipizide concentrations at the start (C0) and 
end (C24) of the dosage interval on the fifth day were not statistically significant 
(P>0.05). At 2 hours after the morning and evening doses of glipizide IR, 
plasma glipizide concentrations were two to four times higher with the glipizide 
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vs 
 
glipizide GITS 20 mg 
QD 

history of hepatic, 
renal, 
gastrointestinal, or 
cardiovascular 
disease, who were 
not receiving β-
blockers at the time 
of the study and 
who had not 
received insulin for 
a period of more 
than 1 week in the 3 
months before the 
study 

peptide levels 
 
Secondary:  
Not reported 

GITS at the same times. Mean glipizide Cmax concentrations after glipizide IR 
were significantly higher after glipizide GITS (P≤0.05). Relative bioavailability 
was 100% for glipizide IR doses and 81% ±22 for glipizide GITS (no P values 
reported). 
 
Glipizide IR and glipizide GITS had similar effects on serum glucose levels, 
serum insulin levels, and C-peptide levels (no P values reported). 
 
Secondary:  
Not reported 

Sami et al30 

 
Glyburide 20 mg daily 
in two divided doses 
 
vs 
 
glipizide 40 mg daily in 
two divided doses 
 

RCT 
 
Consecutive 
patients from 43-73 
years old with non-
insulin-dependent 
(type 2) diabetes 
mellitus for 5-15 
years who 
manifested 
secondary failure to 
a first generation 
sulfonylurea (19 
patients on 
chlorpropamide and 
36 patients on 
tolazamide) while 
attending a diabetes 
clinic were 
randomly changed, 
at the discretion of 
the caring physician 

N=55 
 

6 months 
 

Primary:  
Changes in body weight, 
fasting plasma glucose, 
HbA1c, and serum lipid 
profiles 
 
Secondary:  
Not reported 
 

Primary:  
Body weight, fasting plasma glucose, HbA1c levels, and lipid profiles were not 
significantly changed following the change over from the first generation agents 
(chlorpropamide and tolazamide) to second generation agents (glyburide and 
glipizide) in all subjects, irrespective of the specific first and second generation 
agents given. Additionally, these values were not significantly changed when 
the subjects were divided into two groups according to the second generation 
agent used.  
 
There were no significant changes (P<0.5) in the levels of fasting plasma 
glucose and HbA1c in the patients following the change over to glipizide. 
Fasting plasma glucose was 211%±34 mg/L and HbA1c was 11.7%±1.8 
compared with 209%±31 mg/L and 12.3%±2.1% respectively, obtained 
following treatment with the first generation agents (chlorpropamide and 
tolazamide).  
 
There were no significant changes (P>0.5) observed in the patients changed 
over to glyburide. Fasting plasma glucose was 184±20 mg/dL and HbA1c was 
11%±1.4 following the change over from the first generation agents 
(chlorpropamide and tolazamide). Prior to the change over, fasting plasma 
glucose was 180 ±16 mg/dl and HbA1c was 11.2%±1.6.  
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at the clinic 
 

Lipid concentrations were not significantly changed in either groups following 
the change over to glyburide or glipizide when compared with prior treatment 
with the first generation agents. 
 
There were no significant changes in the metabolic values when the glyburide 
and glipizide groups were further subdivided according to the specific first 
generation agent used. 
 
Secondary:  
Not reported 

Kitabchi et al31 

 
Glipizide daily 
 
vs 
 
glyburide daily 
 

PRO, RCT 
 
Patients with type 2 
diabetes who were 
unresponsive to diet 
therapy 

N=18 
 

15 months 
 

Primary:  
Changes in fasting plasma 
glucose, 2-hour 
postprandial plasma 
glucose after a standard 
breakfast, insulin and 
glucose response to test 
meal challenge, HbA1c, 
and glucose tolerance 
 
Secondary:  
Not reported 

Primary:  
Similar doses of glipizide (11 mg daily) or glyburide (10 mg daily) resulted in 
comparable reduction of fasting plasma glucose and HbA1c. Additionally, there 
was an increase in first phase insulin response to intravenous glucose tolerance 
testing. P values were not reported. 
 
The reduction in fasting plasma glucose and 2-hour postprandial plasma 
glucose was greater with glipizide than with glyburide in 6 months. They 
concluded that this study demonstrated that glipizide and glyburide are 
equipotent at similar doses in controlling hyperglycemia in type 2 diabetes. P 
values were not reported. 
 
Secondary:  
Not reported 

Dhindsa et al32 

 
Glimepiride 2 mg QD, 
treatment with 
metformin was 
continued unchanged 
 
vs 
 
gliclazide† 80 mg BID, 
treatment with 
metformin was 

DB, RCT, XO 
 
Patients from 50-70 
years of age with 
type 2 diabetes and 
inadequate glycemic 
control despite 
metformin 500 mg 
BID monotherapy 

N=12 
 

12 weeks 
 

Primary:  
Changes in fructosamine, 
augmentation index, peak 
microvascular response to 
acetylcholine and sodium 
nitroprusside, and PD10 
values (dose of agonist 
required to increase mean 
arterial blood pressure by 
10 mm Hg) 
 
Secondary:  

Primary:  
Metabolic control improved following the addition of a sulfonylurea, as seen by 
the reductions in serum fructosamine concentrations, but there were no 
significant differences in the antidiabetic effect between glimepiride and 
gliclazide as add-on therapy. P values not reported. 
 
There was no change in augmentation index during treatment with either 
sulfonylurea. P values not reported. 
 
There were no differences in pressor responsiveness (PD10) or microvascular 
responses between the two treatment groups. P values not reported. 
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continued unchanged Not reported Secondary:  
Not reported 

Kabadi et al33 

 
Tolazamide 1 gram 
daily plus premixed 
70% NPH and 30% 
regular insulin daily  
 
vs 
 
glyburide 20 mg daily 
plus premixed 70% 
NPH and 30% regular 
insulin daily  
 
vs 
 
glipizide GITS plus 
premixed 70% NPH 
and 30% regular insulin 
daily  
 
vs 
 
glimepiride 8 mg daily 
plus premixed 70% 
NPH and 30% regular 
insulin daily 
 
vs  
 
placebo plus premixed 
70% NPH and 30% 
regular insulin daily 
 

PC, RCT 
 
Patients with type 2 
diabetes mellitus 
with a lapse of 
glycemic control, 
established by 
documentation of 
HbA1c>7.4% on at 
least 2 occasions at 
an interval of at 
least 3 months in 
each patient while 
taking oral 
sulfonylureas 
consisting of one of 
these drugs in the 
maximum 
recommended daily 
dose: tolazamide 1 g 
daily, glyburide 20 
mg daily, glipizide 
GITS 20 mg daily, 
or glimepiride 8 mg 
daily 

N=40 
 

7 months 
 
 

Primary:  
Changes in body weight, 
HbA1c, and fasting C-
peptide concentrations 
 
Secondary:  
Changes in daily insulin 
dose and the number of 
hypoglycemic episodes 
confirmed by finger stick 
blood glucose <60 mg/ 
dL 
 

Primary:  
Changes in body weight were 2.5 ±0.8 kg for the tolazamide group, 2.6 ±1 kg 
for the glyburide group, 2.4 ± 0.9 kg for the glipizide GITS group, and 2.2 ±0.7 
kg for the glimepiride group, all were significant compared to placebo (P<0.01) 
after the addition of insulin. 
 
All groups achieved optimal glycemic control as expressed by HbA1c<7.4%, 
1% above the highest normal level of 6.4% in our laboratory as recommended 
by the American Diabetes Association after the addition of insulin. (HbA1c was 
6.8% ±0.4 for tolazamide, 6.9% ±0.4 for glyburide, 6.7% ±0.4 for glipizide 
GITS, 6.7% ±0.3 for glimepiride, and 7% ±0.3 for placebo [no P values 
reported].) 
 
C-peptide levels decreased in all groups. The reduction in the C-peptide level 
was significantly greater (P<0.05) in the placebo group compared with the 
sulfonylurea groups. There were no significant differences among the 
sulfonylurea groups. 
 
Secondary: 
Patients receiving sulfonylureas required a significantly lower (P<0.01) daily 
insulin dose, as well as dose per kilogram of body weight in comparison to 
patients receiving placebo (P<0.01).  
 
The daily insulin dose and units per kilogram of body weight was significantly 
lower (P<0.05) in patients receiving glimepiride in comparison to those 
receiving tolazamide, glyburide, or glipizide GITS. 
 
The number of hypoglycemic episodes during the last 4 weeks of the study 
were significantly lower in the sulfonylurea groups as compared to placebo 
(P<0.01). The differences among the individual sulfonylurea groups were not 
significantly different.  
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United Kingdom 
Prospective Diabetes 
Study (UKPDS 33) 
Group34 

 
Conventional therapy 
with diet 
 
vs 
 
chlorpropamide 100 to 
500 mg daily 
 
vs 
 
glibenclamide* 2.5 to 
20 mg daily 
 
vs 
 
glipizide 2.5 to 40 mg 
daily 
 
vs 
 
insulin 

MC, RCT 
 
Newly diagnosed 
type 2 diabetics 
aged 25-65 years 
with a fasting 
plasma glucose 6 
mmol/L on 2 
mornings, 1-3 
weeks apart 

N=3,867 
 

10 years 
(mean 

follow-up 
for 

endpoint 
analyses) 

 
11.1 years 

(mean 
follow-up 

for the 
comparison 

of the 
conven-
tional 

therapy and 
treatment 
agents) 

 
 

Primary: 
Time to the first 
occurrence of any 
diabetes-related endpoint 
(sudden death, death from 
hyperglycemia or 
hypoglycemia, fatal or 
nonfatal myocardial 
infarction, angina, heart 
failure, stroke, renal 
failure, amputation [of at 
least one digit], vitreous 
hemorrhage, retinal 
photocoagulation, 
blindness in one eye, or 
cataract extraction), 
diabetes-related death 
(death from myocardial 
infarction, stroke, 
peripheral vascular 
disease, renal disease, 
hyperglycemia, or 
hypoglycemia, and 
sudden death), all-cause 
mortality (to assess the 
difference between 
conventional and 
intensive treatment) 
 
Secondary: 
Myocardial infarction 
(fatal and nonfatal), 
sudden death, stroke 
(fatal and nonfatal), 
amputation or death due 
to peripheral vascular 

Primary: 
There was a 12% risk reduction (95% CI, 1 to 21; P=0.029) for any diabetes-
related endpoint, 10% risk reduction (95% CI, –11 to 27; P=0.34) for any 
diabetes-related death, and a 6% risk reduction (95% CI, –10 to 20; P=0.44) for 
all-cause mortality when intensive therapy (sulfonylurea or insulin) was 
compared to conventional therapy with diet.  
 
Patients receiving an intensive treatment (sulfonylurea or insulin) had a 25% 
risk reduction (95% CI, 7 to 40; P=0.0099) in microvascular endpoints 
compared with conventional therapy with diet. Most of this reduction was due 
to fewer cases of retinal photocoagulation.  
 
There were no differences between the intensive and conventional treatment 
groups or between the three intensive treatment groups in the number of 
patients who had a silent myocardial infarction, cardiomegaly, evidence of 
peripheral vascular disease, or absent peripheral pulses.  
 
Secondary: 
There was no significant difference between chlorpropamide, insulin, and 
glibenclamide in macrovascular events. 
 
There was no significant difference between the three intensive treatments in 
microvascular endpoints or in the risk reduction for retinal photocoagulation.  
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disease, microvascular 
complications, 
retinopathy requiring 
photocoagulation, 
vitreous hemorrhage, 
and/or fatal or nonfatal 
renal failure, to assess the 
differences between 
chlorpropamide, insulin, 
and glibenclamide* 

Birkeland et al35 

 

Glipizide 
 
vs 
 
glyburide 
 
vs 
 
placebo 

DB, PC, RCT 
 
Patients with non-
insulin-dependent 
diabetes mellitus 

N=46 
 

15 months 

Primary:  
Glycemic control and 
insulin secretion 
 
Secondary:  
Not reported 

Primary: 
Glipizide and glyburide produced comparable reductions in HbA1c levels. 
However, following the initial reduction, all groups displayed gradually 
increasing levels. Glipizide and glyburide maintained decreased postprandial 
glucose levels and increased insulin levels compared with placebo.  P values 
were not reported. 
 
Secondary:  
Not reported 
 

Hseih et al36 

 

Sustained-release 
glipizide 10 mg 
 
vs 
 
immediate-release 
glipizide 5 mg BID 

DB, DD, PC, PG, 
RCT 
 
Chinese patients 
between the ages of 
30 and 70 with type 
2 diabetes ≥6 
months and 
maintenance of 
stable diet and 
treatment with a 
sulfonylurea drug 
regimen for the 
previous 3 months 
 

N=57 
 

12 weeks 

Primary:  
Change in fasting plasma 
glucose 
 
Secondary:  
Change in HbA1c 

Primary:  
In the intention-to-treat analysis, the mean changes in fasting plasma glucose 
between groups were not significantly different. P value was not reported. 
  
Secondary:  
In the intention-to-treat analysis, the mean changes in HbA1c between groups 
were not significantly different. P value was not reported. 
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Simpson et al37 

 

First-generation 
sulfonylurea 
 
vs 
 
glyburide 
 
vs 
 
metformin 

RETRO, cohort 
 
New users of one 
oral diabetic agent 

N=5,795 
 

~4.6 years 

Primary: 
Mortality 
 
Secondary:  
Not reported 

Primary:  
An increased risk of death was associated with higher daily doses of first-
generation sulfonylureas (adjusted HR, 2.1; 95% CI, 1.0–4.7) and glyburide 
(HR, 1.3; 95% CI, 1.2–1.4) compared with metformin (HR, 0.8; 95% CI, 0.7–
1.1). P values were not reported. 
 
Secondary:  
Not reported 

Gangji et al38 

 

Glyburide monotherapy 
 
vs 
 
monotherapy using 
other sulfonylureas, 
meglitinides, or insulin 

MA 
 
Patients with type 2 
diabetes 
 
 

N=21 
studies 

 
Duration 

varied 
 

Primary:  
Hypoglycemia, glycemic 
control, cardiovascular 
events, body weight, and 
death 
 
Secondary:  
Not reported 

Primary:  
Glyburide was associated with a 52% higher risk of experiencing ≥1 episode of 
hypoglycemia compared with other secretagogues (RR, 1.52; 95% CI, 1.21–
1.92) and with an 83% higher risk compared with other sulfonylureas (RR, 
1.83; 95% CI, 1.35–2.49). Glyburide was not associated with a higher risk of 
cardiovascular events (RR, 0.84; 95% CI, 0.56–1.26), death (RR, 0.87; 95% CI, 
0.70–1.07), or end-of-trial weight (95% CI, –0.4–3.80) compared with other 
secretagogues. P values were not reported. 
 
Secondary:  
Not reported 

Bolen et al39 

 

Included second 
generation 
sulfonylureas, 
biguanides, 
thiazolidinediones, 
meglitinides, and α-
glucosidase inhibitors 
 

MA 
 
Adults with type 2 
diabetes 

N=216 
studies 

 
Duration 

varied 
 

Primary:  
Mortality, microvascular 
endpoints, macrovascular 
endpoints, intermediate 
endpoints 
 
Secondary:  
Not reported 

Primary:  
There was no definitive evidence on the comparative effectiveness of the agents 
on all-cause mortality, cardiovascular mortality or morbidity, peripheral arterial 
disease, neuropathy, retinopathy, or nephropathy.  
 
Thiazolidinediones, metformin, and repaglinide improved glycemic control 
(strength of evidence: moderate to high) to the same degree as sulfonylureas 
(decrease in HbA1c level ~1 absolute percentage point). Nateglinide and α-
glucosidase inhibitors may have slightly diminished effects on HbA1c levels 
(strength of evidence: low) on the basis of indirect comparisons of placebo-
controlled trials. Combination therapies had additive effects, producing an 
absolute reduction in HbA1c levels of ~1 percentage point more than 
monotherapy.  
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Hypoglycemic episodes were observed more frequently in adults receiving 
second-generation sulfonylureas (especially glyburide) than in those receiving 
metformin or thiazolidinediones. Repaglinide and second-generation 
sulfonylureas produced similar risks for hypoglycemia. Metformin was almost 
always associated with more gastrointestinal problems than were most other 
oral diabetes agents. P values were not reported. 
 
Secondary:  
Not reported 

*Synonym for glyburide 
†Agent not available in the United States 
Drug regimen abbreviations: BID=twice daily, QD=once daily 
Study abbreviations: BMI=body mass index, CI=confidence interval, DB=double-blind, DD=double-dummy, GITS=gastrointestinal therapeutic system, HbA1c=hemoglobin A1c, HR=hazard ratio, 
MA=meta-analysis, MC=multicenter, OL=open-label, PC=placebo-controlled, PG=parallel-group, PRO=prospective, RCT=randomized controlled trial, RETRO=retrospective, RR=relative risk, 
XO=crossover 
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Additional Evidence 
 
Dose Simplification 
As with all oral antidiabetic medications, dosing is variable and should be individualized according to the severity 
of the disease. Many of the sulfonylureas can be dosed once daily with the lower doses and are given in two to 
three divided doses daily with the higher doses. Glimepiride and extended-release glipizide can be given once 
daily regardless of the dose.14-21 There are studies that evaluated the effect of dosing schedules on adherence; 
however, they do not address the impact of the dosing schedule on glycemic control. 
 
A study by Dezii et al evaluated the differences in adherence and persistence with a once-daily extended-release 
formulation of glipizide gastrointestinal therapeutic system (GITS) and a twice-daily immediate-release 
formulation of glipizide.40 A total of 992 patients met the eligibility criteria and were followed for one year. 
Adherence rates were 60.5% in the once-daily group compared to 52.0% in the twice-daily group. At 12 months, 
rates of persistence were 44.4% in the once-daily group and 35.8% in the twice-daily group. Since this was an 
adherence study only, based on an evaluation of pharmacy claims, the study did not measure the impact of 
adherence on HbA1c. 
 
In a study by Donnan et al, the patterns and predictors of adherence were investigated in outpatients with type 2 
diabetes receiving treatment with a single oral hypoglycemic drug.41 They found 2,849 patients for analysis. A 
≥90% adherence index was found in 31.3% of those prescribed sulfonylureas alone (N=1,321) and in 33.9% of 
those prescribed metformin alone (N=528). Patients with better adherence tended to be younger and have a 
significantly shorter duration of diabetes. There were no real differences in adherence between males and females. 
There were linear trends of poorer adherence with each increase in the daily number of tablets taken for both 
sulfonylurea (P=0.001) and metformin (P=0.074). There were significant trends of decreasing adherence with the 
number of comedications for the sulfonylurea alone group (P=0.0001) and metformin monotherapy group 
(P=0.007). The study did not measure the clinical outcomes of adherence on glycemic control. 
    
Stable Therapy 
A transition period is generally not necessary when transferring patients from one sulfonylurea to another. The 
first agent may be discontinued abruptly and the other agent may be started at once. However, patients should be 
observed carefully (1-2 weeks) for hypoglycemia when being transferred from long half-life sulfonylureas (eg, 
chlorpropamide).42 

 
Impact on Physician Visits 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 

IX. Cost 
 

A “relative cost index” is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For branded products with little 
or no recent utilization data, the average cost per prescription is calculated by the average wholesale price (AWP) 
and the standard daily dosing per product labeling. For generic products with little or no recent utilization data, the 
average cost per prescription is calculated by the Alabama Medicaid maximum allowable cost (MAC) and the 
standard daily dosage per product labeling. Please note that the relative cost index does not factor in additional 
cost offsets available to the Alabama Medicaid program via pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 

 
Relative Cost Index Scale  
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 
Rx=prescription 
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Table 9.  Relative Cost of the Single Entity Sulfonylureas 
Generic Name Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 

acetohexamide tablet Dymelor®*† N/A $ 
chlorpropamide tablet Diabinese®* $$ $ 
glimepiride tablet Amaryl®* $$ $ 
glipizide sustained-release tablet, 

tablet 
Glucotrol XL®*, 
Glucotrol®* 

$-$$$ $ 

glyburide tablet Diabeta®*, Micronase®* $$$ $ 
glyburide, 
micronized 

tablet Glycron®*, Glynase®* $$ $ 

tolazamide tablet Tolinase®*† N/A $ 
tolbutamide tablet Orinase®*† N/A $ 
*Generic is available in at least one dosage form or strength.  
†Brand is no longer available.  

 
X. Conclusions 
 

The single entity sulfonylureas are FDA approved for the treatment of type 2 diabetes. All of them are available 
generically. The major differences among the sulfonylureas concern their pharmacokinetics; however, they are 
equally effective when administered in equipotent doses.1-2 The clinical studies within this review demonstrate 
their comparable glycemic control as well.20-28 In a study comparing glipizide GITS and glyburide, the reductions 
in fasting glucose levels and 24-hour glucose levels were similar.20 In other studies, glipizide and glyburide 
showed comparable HbA1c reductions21,26 and glimepiride and glyburide had similar reductions in HbA1c and 
fasting blood glucose levels.23 When glipizide immediate-release was compared to glipizide GITS, similar effects 
were observed on serum glucose, serum insulin, and C-peptide levels. Intensive blood-glucose control by means of 
sulfonylurea therapy has been shown to reduce microvascular complications in patients with type 2 diabetes.29 
Additionally, when patients were switched from a first generation sulfonylurea (chlorpropamide and tolazamide) 
to a second generation sulfonylurea (glyburide and glipizide), fasting plasma glucose, HbA1c levels, body weight, 
and lipid profiles were not significantly changed.25 
 
A transition period is generally not necessary when transferring patients from one sulfonylurea to another; 
although, caution is warranted when switching from a long half-life sulfonylurea (eg, chlorpropamide).31 The 
sulfonylureas share similar drug-to-drug interactions and have similar adverse events.8-16,18 Some of the most 
common adverse events include hypoglycemia, dizziness, headache, diarrhea, nausea, vomiting, and 
dermatological events. 
 
Although ADA/EASD treatment guidelines state that for the treatment of type 2 diabetes there is insufficient data 
to support recommending one class of agents or a combination of medications over others with regards to effects 
on complications, the guideline does recommend that metformin, along with lifestyle intervention, should be the 
initial pharmacologic therapy in the absence of specific contraindications.5,6 The IDF, ICSI, and NICE all 
recommend sulfonylureas when metformin fails or as first-line therapy in patients who are unable to tolerate/take 
metformin or are nonoverweight.9-11  Currently the ACE/AACE Diabetes Road Map recommends that in type 2 
diabetic patients naïve to pharmacologic therapy with an HbA1c of 6%-7%, sulfonylureas are considered an 
alterative for patient not able to take initial therapy (dipeptidyl peptidase-4 [DPP-4] inhibitors, metformin, etc.). 
For patients with an HbA1c of 7%-8%, a sulfonylurea may be combined with an α-glucosidase inhibitor, a DPP-4 
inhibitor, a meglitinide, metformin, or a thiazolidinedione to achieve glycemic goals. Two or more agents may be 
required. The Road Map also recommends that in patients with an HbA1c of 8%-9%, a sulfonylurea may be 
combined with a basal insulin analog, a DPP-4 inhibitor, a meglitinide, metformin, NPH insulin, a prandial insulin, 
premixed insulin preparations, a thiazolidinedione or other approved combinations to achieve glycemic goals. For 
patients with an HbA1c of 9%-10%, a sulfonylurea may be combined with a basal insulin analog, a meglitinide, 
metformin, NPH insulin, a prandial insulin, premixed insulin preparations, a thiazolidinedione or other approved 
combinations to achieve glycemic goals. In the treatment of type 2 diabetic patients currently treated 
pharmacologically in patients with an HbA1c of 6.5%-8.5%, the Road Map recommends that a sulfonylurea may be 
added to metformin, a thiazolidinedione, an incretin mimetic in combination with metformin or in combination 
with an incretin mimetic, or metformin and a thiazolidinedione to achieve glycemic goals.8 
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Therefore, all brand products within the class reviewed are comparable to each other and to the generics and over-
the-counter products in this class and offer no significant clinical advantage over other alternatives in general use.  

 

XI. Recommendations 
 
No brand single entity sulfonylurea is recommended for preferred status. Alabama Medicaid should accept cost 
proposals from manufacturers to determine cost effective products and possibly designate one or more preferred 
brands. 
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I. Overview 
  

The combination sulfonylureas review consists of two products which are Food and Drug Administration (FDA)-
approved for the treatment of type 2 diabetes. Each of these combination products contains metformin and a 
sulfonylurea, either glipizide or glyburide. The individual components have different mechanisms and sites of 
action. The sulfonylureas, glipizide and glyburide, stimulate the release of insulin by binding to the sulfonylurea 
receptor on pancreatic β cells. This binding increases basal and postprandial insulin secretion. They are only 
effective in patients with some β-cell function. They generally lower blood glucose concentrations by 
approximately twenty percent and HbA1c by one to two percent. There are small pharmacokinetic differences 
between glyburide and glipizide; however, they are equally effective when administered in equipotent doses.1-2 

 
The other component of the combination sulfonylureas is metformin. Metformin is a biguanide and its 
pharmacological mechanism of action differs from other classes of oral antihyperglycemic agents. Additionally, 
metformin is not chemically related to any other class of oral antihyperglycemic agents. Metformin is an 
antihyperglycemic agent which improves glucose tolerance in patients with type 2 diabetes by lowering both basal 
and postprandial plasma glucose. Metformin is only effective in the presence of insulin. Metformin decreases 
hepatic glucose production, decreases intestinal absorption of glucose, and improves insulin sensitivity by 
increasing peripheral glucose uptake and utilization.3-4 

 
The combination sulfonylureas that are included in this review are listed in Table 1. This review encompasses all 
dosage forms and strengths. The sulfonylurea combination products and their individual components are available 
generically. 
 
Table 1. Combination Sulfonylureas Included in this Review 

Generic Name Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
glipizide and metformin tablet Metaglip®* glipizide and metformin 
glyburide and metformin tablet Glucovance®* glyburide and metformin 
*Generic is available in at least one dosage form or strength. 
 

II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current treatment guidelines that incorporate the use of the combination sulfonylureas are summarized in Table 2. 
For a more comprehensive overview of the treatment of diabetes, please refer to the Appendix. 

 
Table 2.  Treatment Guidelines Using the Combination Sulfonylureas 

Clinical Guideline Recommendation(s) 
American Diabetes Association 
(ADA):  
Standards of Medical Care in 
Diabetes—20085 

Prevention of Type 2 Diabetes 
• Metformin should be the only drug considered for use in diabetes prevention. For 

other drugs, issues of side effects and lack of persistence of effect in some studies 
led the panel to not recommend their use for diabetes prevention. 

• In addition to lifestyle counseling, metformin may be considered in those who are 
at very high risk and who are obese and under 60 years of age. 

 
Treatment of Type 2 Diabetes 
• Please see the following guideline (2006) and consensus statement update (2008) 

by the American Diabetes Association (ADA)/European Association for the Study 
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Clinical Guideline Recommendation(s) 
of Diabetes (EASD).  

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD): 
Management of Hyperglycemia 
in Type 2 Diabetes: A Consensus 
Algorithm for the Initiation and 
Adjustment of Therapy (2006)6 

• There is insufficient data to support recommending one class of agents or a 
combination of medications over others with regards to effects on complications. 

• Metformin, along with lifestyle intervention, should be the initial pharmacologic 
therapy in the absence of specific contraindications, when lifestyle intervention 
fails to achieve or maintain metabolic goals. 

• If lifestyle intervention and maximally tolerated doses of metformin fail to achieve 
glycemic goals, another medication should be added within 2-3 months of therapy 
initiation or whenever HbA1c goal is not achieved. Second-line pharmacologic 
therapies may include insulin, a sulfonylurea, or a thiazolidinedione. 

• When more than one antihyperglycemic medication is used, the synergy of 
particular combinations and other interactions should be considered.  

• When rapid-acting or short-acting insulins are started, insulin secretagogues 
(meglitinides or sulfonylureas) should be discontinued, or tapered and then 
discontinued. 

American Diabetes Association 
(ADA)/European Association for 
the Study of Diabetes (EASD):  
Management of Hyperglycemia 
in Type 2 Diabetes Mellitus: A 
Consensus Algorithm for the 
Initiation and Adjustment of 
Therapy: Update Regarding the 
Thiazolidinediones (2008)7 

• Insulin, sulfonylureas and thiazolidinediones remain the recommended treatment 
options that should be added to metformin and lifestyle modifications if target 
HbA1c levels are not achieved. However, greater caution should be exercised prior 
to selecting a thiazolidinedione in patients at risk for safety concerns.  

American Association of Clinical 
Endocrinologists (AACE):  
Medical Guidelines for Clinical 
Practice for the Management of 
Diabetes Mellitus (2007)8 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, initiate monotherapy with α-glucosidase 

inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors, metformin, secretagogues 
(meglitinides or sulfonylureas) or thiazolidinediones. 

• In patients with an HbA1c of 7%-8%, initiate combination therapy. Regimens may 
include a secretagogue with an α-glucosidase inhibitor, metformin (concurrent 
therapy or fixed-dose regimens), a thiazolidinedione (concurrent therapy or fixed-
dose regimens) or metformin plus a thiazolidinedione. 

• In patients with an HbA1c of 8%-10%, initiate/intensify combination therapy to 
address fasting and postprandial glucose levels. 

 
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• The combination therapies listed for patients naïve to therapy are appropriate for 

patients being treated pharmacologically.  
• Additionally, exenatide may be combined with approved oral therapies, including 

secretagogue and a secretagogue plus metformin, in patients who have not achieved 
glycemic goals.  

American College of 
Endocrinologists (ACE)/American 
Association of Clinical 
Endocrinologists (AACE), 
Diabetes Road Map Task Force:  
Road Maps to Achieve Glycemic 
Control in Type 2 Diabetes 
(2007)9 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, sulfonylureas are considered an alterative for 

patient not able to take initial therapy (α-glucosidase inhibitors, dipeptidyl 
peptidase-4 [DPP-4] inhibitors, metformin or thiazolidinediones). 

• In patients with an HbA1c of 7%-8%, a sulfonylurea may be combined with an α-
glucosidase inhibitor, a DPP-4 inhibitor, a meglitinide, metformin, or a 
thiazolidinedione to achieve glycemic goals. Two or more agents may be required. 

• In patients with an HbA1c of 8%-9%, a sulfonylurea may be combined with a basal 
insulin analog, a DPP-4 inhibitor, a meglitinide, metformin, NPH insulin, a 
prandial insulin, premixed insulin preparations, a thiazolidinedione or other 
approved combinations to achieve glycemic goals. 

• In patients with an HbA1c of 9%-10%, a sulfonylurea may be combined with a 
basal insulin analog, a meglitinide, metformin, NPH insulin, a prandial insulin, 
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Clinical Guideline Recommendation(s) 
premixed insulin preparations, a thiazolidinedione or other approved combinations 
to achieve glycemic goals. 

  
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• In patients with an HbA1c of 6.5%-8.5%, a sulfonylurea may be added to 

metformin, a thiazolidinedione, an incretin mimetic with or without metformin, or 
in combination with an incretin mimetic, thiazolidinedione and/or metformin to 
achieve glycemic goals. 

International Diabetes Federation 
(IDF) Clinical Guidelines Task 
Force:  
Global Guideline for Type 2 
Diabetes (2005)10 

• Sulfonylureas should be considered when metformin fails or as first-line therapy in 
nonoverweight patients. 

• When glucose concentrations are not controlled to target levels, peroxisome 
proliferator-activated receptor (PPAR)-γ agonists (thiazolidinediones) may be 
added to metformin as an alternative to sulfonylureas, added to a sulfonylurea 
when metformin is contraindicated, or used in addition to metformin/sulfonylurea 
combination therapy. 

Institute for Clinical Systems 
Improvement (ICSI):  
Healthcare Guideline: 
Management of Type 2 Diabetes 
Mellitus (2006)11 

• Sulfonylureas and thiazolidinediones are acceptable secondary choices to 
metformin. 

• Combination therapy with oral agents may be required to achieve goals. 

National Institute for Health and 
Clinical Excellence (NICE): 
Clinical Guidelines for Type 2 
Diabetes: Management of Blood 
Glucose (2002)12 

• Insulin secretagogues (meglitinides and sulfonylureas) should be considered a first-
line treatment choice in nonoverweight patients or when metformin is not tolerated 
or contraindicated. 

• Insulin secretagogues should be used in combination with metformin in overweight 
patients when glucose control is unsatisfactory. 

 
III. Indications 
 

The FDA-approved indications for the combination sulfonylureas are noted in Table 3. While agents within this 
therapeutic class may have demonstrated positive activity via in vitro trials, the clinical significance of this activity 
remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo clinical trials. As such, this 
review and the recommendations provided are based exclusively upon the results of such clinical trials. 
 

Table 3.  FDA-Approved Indications for the Combination Sulfonylureas13-14 
Indication Glipizide and 

Metformin 
Glyburide and 

Metformin 
Initial therapy, as an adjunct to diet and exercise, to improve glycemic control in 
patients with type 2 diabetes whose hyperglycemia cannot be satisfactorily managed 
with diet and exercise alone 

a a 

Second-line therapy when diet, exercise, and initial treatment with a sulfonylurea or 
metformin do not result in adequate glycemic control in patients with type 2 diabetes 

a a 

Second-line therapy when diet, exercise, and initial treatment with a sulfonylurea or 
metformin do not result in adequate glycemic control in patients with type 2 diabetes 
(for patients requiring additional therapy, a thiazolidinedione may be added to achieve 
additional glycemic control) 

 a 

 
IV. Pharmacokinetics  
 
 The pharmacokinetic parameters for the combination sulfonylureas are listed in Table 4.  
 
Table 4.  Pharmacokinetic Parameters of the Combination Sulfonylureas3,15-16 

Drugs(s) Protein Binding 
(%) 

Metabolism Excretion 
(%) 

Active 
Metabolites 

Serum Half-
Life (hours) 

Glipizide 98-99 Extensive liver metabolism 80-85 renal No 2-4 
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Drugs(s) Protein Binding 
(%) 

Metabolism Excretion 
(%) 

Active 
Metabolites 

Serum Half-
Life (hours) 

Glyburide Extensive 
protein binding, 
% not available 

Extensive liver metabolism 50 renal, 50 bile Yes, weakly 
active 

10 

Metformin Negligible Does not undergo hepatic 
metabolism 

~90% of absorbed drug is 
renally eliminated 

unchanged in the urine 

No 17.6 (in blood), 
6.2 (plasma 
elimination) 

 
V. Drug Interactions 
 
 Significant drug interactions reported with the combination sulfonylureas are summarized in Table 5.  
 
Table 5.  Significant Drug-Drug Interactions with the Combination Sulfonylureas17 

Drug(s) Significance 
Level 

Interaction Mechanism 

Metformin 1 Iodinated 
contrast 
materials, 
parenteral 

Iodinated contrast materials-induced renal failure can interfere 
with the renal elimination of metformin; therefore, there is an 
increased risk of metformin-induced lactic acidosis. 

Sulfonylureas 
(glyburide) 

1 Bosentan Bosentan may increase the metabolism (CYP2C9 and 
CYP3A4) of glyburide. Other mechanisms may also be 
involved. Plasma levels of bosentan and glyburide may be 
decreased. Increased risk of elevated liver enzymes, resulting 
in serious liver injury may occur.  

Sulfonylureas 
(chlorpropamide, 
glimepiride, glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Angiotensin-
converting 
enzyme (ACE) 
inhibitors 

ACE inhibitors may cause a temporary increase in insulin 
sensitivity increasing the risk for hypoglycemia. 

Sulfonylureas (specific 
agents not listed) 

2 Charcoal Charcoal can reduce the absorption of many drugs and remove 
them from systemic circulation which will reduce the 
effectiveness or toxicity of a given agent. 

Sulfonylureas 
(chlorpropamide, 
glimepiride, glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Chloramphen-
icol 

Chloramphenicol may reduce hepatic clearance of certain 
sulfonylureas and cause an increased hypoglycemic response. 
Monitor for hypoglycemia and blood glucose concentrations 
and adjust sulfonylurea doses as needed.  

Sulfonylureas 
(chlorpropamide, 
glimepiride, glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Clofibrate Clofibrate may cause an increased hypoglycemic response of 
certain sulfonylureas through an unknown mechanism. 
Monitor for hypoglycemia and blood glucose concentrations 
and adjust sulfonylurea doses accordingly. 

Sulfonylureas 
(chlorpropamide, 
glimepiride, glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Diazoxide Diazoxide may decrease endogenous insulin release and cause 
increases in glucose and free fatty acids producing a decrease 
in glycemic control in patients stabilized on a sulfonylurea. 
Monitor blood glucose concentrations and adjust doses of each 
medication accordingly. 

Sulfonylureas 
(chlorpropamide, 
glimepiride, glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Ethanol Ethanol prolongs glipizide activity by delaying glipizide 
absorption and elimination and decreases the half-life of 
tolbutamide by causing a decrease in absorption of the active 
drug and a more rapid metabolism by the liver. The 
mechanism for the alcohol-chlorpropamide disulfiram-like 
reaction has not been elucidated. 

Sulfonylureas 2 Fluconazole Fluconazole may inhibit the metabolism of certain 
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Drug(s) Significance 
Level 

Interaction Mechanism 

(glimepiride, 
tolbutamide) 

sulfonylureas (including glimepiride), increasing the 
hypoglycemic effects. Monitor blood glucose concentrations 
when coadministered. 

Sulfonylureas 
(chlorpropamide, 
glimepiride, glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Monoamine 
oxidase 
inhibitors 
(MAOIs) 

MAOIs may enhance the hypoglycemic action of sulfonylureas 
through an unknown mechanism. Monitor blood glucose 
concentrations and adjust doses of the sulfonylurea 
accordingly. 

Sulfonylureas 
(chlorpropamide, 
glimepiride, glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Rifamycins Rifamycins may decrease the half-life and increase the 
clearance of certain sulfonylureas (including glimepiride) 
through increased metabolism. The dose of the sulfonylurea 
may need to be increased.  

Sulfonylureas 
(chlorpropamide, 
glimepiride, glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Salicylates Salicylates can reduce plasma glucose levels and enhance 
insulin secretion, adding to the hypoglycemic effects of 
sulfonylureas. Monitor blood glucose concentrations and 
adjust the doses of the sulfonylurea accordingly. 

Sulfonylureas 
(acetohexamide, 
chlorpropamide, 
glipizide, tolazamide, 
tolbutamide) 

2 Sulfonamides Sulfonamides may impair the metabolism of certain 
sulfonylureas and enhance the hypoglycemic effects of 
sulfonylureas. Monitor blood glucose concentrations and 
adjust doses of the sulfonylurea accordingly. Glyburide is a 
noninteracting alternative.  

Sulfonylureas 
(chlorpropamide, 
glimepiride, glipizide, 
glyburide, tolazamide, 
tolbutamide) 

2 Thiazide 
diuretics 

Thiazide diuretics may increase fasting blood glucose levels 
resulting in decreased glycemic control. Dose increases of the 
sulfonylurea may be required to maintain glycemic control. 

Significance Level 1=major severity 
Significance Level 2=moderate severity 
 
VI. Adverse Drug Events 
 

Adverse drug reactions reported with the combination sulfonylureas are listed in Table 6. All brand and generic 
metformin preparations marketed in the United States (US) bear a boxed warning mandated by the FDA regarding 
the risk of lactic acidosis, a rare but serious adverse event. This boxed warning appears in Table 7. In addition the 
administration of oral hypoglycemic drugs has been reported to be associated with increased cardiovascular 
mortality as compared to treatment with diet alone or diet plus insulin. This association has led to a warning and is 
based on the study conducted by the University Group Diabetes Program (UGDP), a long-term, prospective 
clinical trial designed to evaluate the effectiveness of glucose-lowering drugs in preventing or delaying vascular 
complications in patients with non-insulin-dependent diabetes. However it is important to note that only 
tolbutamide was included in this study.13-16 

 
Table 6. Adverse Drug Events (%)* Reported with the Combination Sulfonylureas13,14 

Adverse Event(s) Glipizide and Metformin Glyburide and Metformin  
Central Nervous System 
Dizziness 1.7-5.2 5.5 
Headache 12.6 8.9 
Cardiovascular 
Hypertension 2.9-3.5 - 
Gastrointestinal 
Abdominal pain 5.7 6.9 
Diarrhea 2.3-18.4 17 
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Adverse Event(s) Glipizide and Metformin Glyburide and Metformin  
Nausea/vomiting 0.6-8 7.6 
Genitourinary 
Urinary tract infection 1.1 - 
Respiratory 
Upper respiratory tract infection 8.1-10.3 17.3 
Other  
Musculoskeletal pain 8 - 
*Adverse events reported >5% in double-blind clinical trials as initial and second-line therapy 
 
Table 7.  Black Box Warning for Metformin 

WARNING 
Lactic acidosis is a rare, but serious, metabolic complication that can occur due to metformin accumulation during treatment 
with metformin; when it occurs, it is fatal in approximately 50% of cases. Lactic acidosis may also occur in association with a 
number of pathophysiologic conditions, including diabetes mellitus, and whenever there is significant tissue hypoperfusion 
and hypoxemia. Lactic acidosis is characterized by elevated blood lactate levels (>5 mmol/L), decreased blood pH, electrolyte 
disturbances with an increased anion gap, and an increased lactate/pyruvate ratio. When metformin is implicated as the cause 
of lactic acidosis, metformin plasma levels >5 μg/mL are generally found. 
The reported incidence of lactic acidosis in patients receiving metformin hydrochloride is very low (approximately 0.03 
cases/1000 patient-years, with approximately 0.015 fatal cases/1000 patient-years). In more than 20,000 patient-years 
exposure to metformin in clinical trials, there were no reports of lactic acidosis. Reported cases have occurred primarily in 
diabetic patients with significant renal insufficiency, including both intrinsic renal disease and renal hypoperfusion, often in 
the setting of multiple concomitant medical/surgical problems and multiple concomitant medications. Patients with congestive 
heart failure requiring pharmacologic management, in particular those with unstable or acute congestive heart failure who are 
at risk of hypoperfusion and hypoxemia, are at increased risk of lactic acidosis. The risk of lactic acidosis increases with the 
degree of renal dysfunction and the patient’s age. The risk of lactic acidosis may, therefore, be significantly decreased by 
regular monitoring of renal function in patients taking metformin and by use of the minimum effective dose of metformin. In 
particular, treatment of the elderly should be accompanied by careful monitoring of renal function. Metformin treatment 
should not be initiated in patients ≥80 years of age unless measurement of creatinine clearance demonstrates that renal 
function is not reduced, as these patients are more susceptible to developing lactic acidosis. In addition, metformin should be 
promptly withheld in the presence of any condition associated with hypoxemia, dehydration, or sepsis. Because impaired 
hepatic function may significantly limit the ability to clear lactate, metformin should generally be avoided in patients with 
clinical or laboratory evidence of hepatic disease. Patients should be cautioned against excessive alcohol intake, either acute or 
chronic, when taking metformin, since alcohol potentiates the effects of metformin hydrochloride on lactate metabolism. In 
addition, metformin should be temporarily discontinued prior to any intravascular radiocontrast study and for any surgical 
procedure (see also PRECAUTIONS).  
The onset of lactic acidosis often is subtle, and accompanied only by nonspecific symptoms such as malaise, myalgias, 
respiratory distress, increasing somnolence, and nonspecific abdominal distress. There may be associated hypothermia, 
hypotension, and resistant bradyarrhythmias with more marked acidosis. The patient and the patient’s physician must be 
aware of the possible importance of such symptoms and the patient should be instructed to notify the physician immediately if 
they occur (see also PRECAUTIONS). 
Metformin should be withdrawn until the situation is clarified. Serum electrolytes, ketones, blood glucose, and if indicated, 
blood pH, lactate levels, and even blood metformin levels may be useful. Once a patient is stabilized on any dose level of 
metformin, gastrointestinal symptoms, which are common during initiation of therapy, are unlikely to be drug related. Later 
occurrence of gastrointestinal symptoms could be due to lactic acidosis or other serious disease.  
Levels of fasting venous plasma lactate above the upper limit of normal but less than 5 mmol/L in patients taking metformin 
do not necessarily indicate impending lactic acidosis and may be explainable by other mechanisms, such as poorly controlled 
diabetes or obesity, vigorous physical activity, or technical problems in sample handling. (See also PRECAUTIONS.)  
Lactic acidosis should be suspected in any diabetic patient with metabolic acidosis lacking evidence of ketoacidosis (ketonuria 
and ketonemia).  
Lactic acidosis is a medical emergency that must be treated in a hospital setting. In a patient with lactic acidosis who is taking 
metformin, the drug should be discontinued immediately and general supportive measures promptly instituted. Because 
metformin hydrochloride is dialyzable (with a clearance of up to 170 mL/min under good hemodynamic conditions), prompt 
hemodialysis is recommended to correct the acidosis and remove the accumulated metformin. Such management often results 
in prompt reversal of symptoms and recovery. (See also CONTRAINDICATIONS and PRECAUTIONS.)  
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VII. Dosing and Administration 
 
 The usual dosing schedules for the combination sulfonylureas are summarized in Table 8. 
 
Table 8.  Usual Dosing for the Combination Sulfonylureas13-14 

Drug(s) Usual Adult Dose Usual Pediatric Dose Availability 
Glipizide and 
metformin 

As initial therapy: 2.5 mg/250 mg once daily to 2.5 
mg/500 mg twice daily 
 
Maximum: 10 mg/2,000 mg daily in divided doses 
 
As second-line therapy: 2.5 mg/500 to 5 mg/500 
mg twice daily 
 
Maximum: 20 mg/2,000 mg daily 

Safety and effectiveness have not 
been established. 

Tablet:  
2.5 mg/250 mg 
2.5 mg/500 mg  
5 mg/500 mg 

Glyburide and 
metformin 

As initial therapy: 1.25 mg/250 mg once or twice 
daily 
 
Maximum: 10 mg/2,000 mg daily 
 
As second-line therapy: 2.5 mg/500 mg or 5 
mg/500 mg twice daily 
 
Maximum: 20 mg/2,000 mg daily 
 

Safety and efficacy were evaluated 
in pediatric patients from 9-16 
years of age, the combination of 
glyburide and metformin was not 
shown to be statistically significant 
compared to the separate agents 
with respect to lowering HbA1c, no 
expected safety findings were 
associated with this trial, no dosing 
is given for pediatric patients.  

Tablet:  
1.25 mg/250 mg  
2.5 mg/500 mg 
5 mg/500 mg  
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VIII. Effectiveness  
 
 Clinical trials evaluating the safety and efficacy of the combination sulfonylureas are summarized in Table 9.  
 
Table 9.  Comparative Clinical Trials Using the Combination Sulfonylureas 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Garber et al18 

 
Glyburide 2.5 mg QD 
(titration occurred until 
glycemic control was 
achieved or the maximum 
of 4 tablets daily was 
reached) 
 
vs 
 
metformin 500 mg QD 
(titration occurred until 
glycemic control was 
achieved or the maximum 
of 4 tablets daily was 
reached) 
 
vs 
 
glyburide 1.25 mg and 
metformin 250 mg QD as 
a combination product 
(titration occurred until 
glycemic control was 
achieved or the maximum 
of 4 tablets daily was 
reached) 
 
vs 
 
glyburide 2.5 mg and 

DB, MC, PC, PG, 
RCT 
 
Patients with type 2 
diabetes with 
inadequate glycemic 
control with diet and 
exercise, HbA1c>7%, 
normal renal and 
liver function, and a 
body mass index 
(BMI) ≤38 kg/m2 

N=806 
 

20 weeks 
 
 
 

Primary: 
Change in HbA1c 
 
Secondary:  
Changes in fasting 
plasma glucose, 2-hour 
postprandial glucose 
(PPG), fasting and 2-
hour insulin levels, 
serum lipid 
concentrations, and 
body weight from 
baseline 
 

Primary:  
Patients in both glyburide and metformin combination groups had 
significantly greater mean reduction from baseline HbA1c level of 8.2% 
than placebo group patients at study endpoint (P<0.001). The reductions 
in HbA1c from baseline for each glyburide and metformin combination 
product were significantly greater than placebo or metformin (P<0.001). 
The reduction in HbA1c in the glyburide 1.25 mg and metformin 250 mg 
combination group was significantly greater compared to glyburide 
(P<0.016), and for the glyburide 2.5 and metformin 500 mg combination 
group compared to glyburide (P<0.004). 
 
Sixty-six percent of the patients in the glyburide 1.25 mg and metformin 
250 mg combination groups (P=0.006 vs metformin) and 72% of the 
patients in the glyburide 2.5 and metformin 500 mg combination group 
(P<0.001 vs metformin, P=0.037 vs glyburide) had achieved an HbA1c of 
less than 7% compared with 60% of the patients in the glyburide group, 
50% in the metformin group, and 20% in the placebo group. 
 
Secondary: 
Mean decreases in fasting plasma glucose concentrations were 
significantly greater for both combination groups compared to placebo 
(P<0.001) and metformin groups (P<0.001). Mean decreases in fasting 
plasma glucose were numerically greater in both combination groups 
compared to the glyburide group, but the differences were not 
statistically significant. 
 
Glyburide 1.25 mg and metformin 250 mg combination group, glyburide 
2.5 mg and metformin 500 mg group, and the glyburide group had 
modest changes in body weight of 1.4 kg, 1.9 kg, and 1.7 kg, 
respectively, compared with 0.7 kg and 0.6 kg mean decrease in patients 
receiving placebo and metformin, respectively. The mean changes in 
body weight for the glyburide and metformin groups and the glyburide 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

metformin 500 mg QD as 
a combination product 
(titration occurred until 
glycemic control was 
achieved or the maximum 
of 4 tablets daily was 
reached) 
 
vs 
 
placebo 

group were significantly different from placebo (no P values reported). 
 
There were no significant changes seen in total cholesterol, low-density 
lipoprotein cholesterol, or high-density lipoprotein cholesterol, and 
triglycerides with any treatment (no P values reported). 
 

Marre et al19 

 
Metformin 500 mg 
(titration occurred to 
target levels of fasting 
plasma glucose levels of 
<126 mg/dL to a 
maximum of 4 tablets 
daily) 
 
vs 
 
glibenclamide* 5 mg 
(titration occurred to 
target levels of fasting 
plasma glucose levels of 
<126 mg/dL to a 
maximum of 4 tablets 
daily) 
 
vs 
 
glibenclamide 2.5 mg and 
metformin 500 mg 
combination product 
(titration occurred to 

DB, MC, PG, RCT 
 
Patients >18 years 
old with type 2 
diabetes with a 
fasting plasma 
glucose ≥126 mg/dL 
despite treatment 
with monotherapy 
metformin ≥850 mg 
BID or ≥500 mg 
TID, diet, and 
exercise for 2 months 
prior to enrollment, 
and a BMI<40 kg/m2 

N=411 
 

16 weeks 
 

Primary:  
Change in HbA1c 
 
Secondary:  
Changes in fasting 
plasma glucose and 
fructosamine levels 

Primary:  
Mean HbA1c levels improved in all treatment groups. There were 
significantly greater reductions in the patients receiving combination 
therapy as compared to either monotherapy (P<0.05). There were no 
significant differences in the amount of the reductions in the HbA1c 
between the two combination therapies or the two monotherapies (no P 
values reported). 
 
Seventy-five percent of the glibenclamide 2.5 mg and metformin 500 mg 
combination group and 63.8% of the glibenclamide 5 mg and metformin 
500 mg combination group achieved an HbA1c<7% as compared to 
metformin (37.6%) or glibenclamide (41.9%) (P=0.001, for both 
groups). 
 
Secondary: 
Fasting plasma glucose decreased in all treatment groups. There were 
significant improvements in both the combination groups compared to 
either monotherapy (P<0.05). There were no significant differences in 
effects on fasting plasma glucose between either of the combination 
therapies or the monotherapies (no P values reported). 
 
Mean decreases in fructosamine in both combination groups were 
significantly greater (P<0.05) compared with the changes seen in the 
monotherapy groups. 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

target levels of fasting 
plasma glucose levels of 
<126 mg/dL to a 
maximum of 4 tablets 
daily) 
 
vs 
 
glibenclamide 5 mg and 
metformin 500 mg 
combination product 
(titration occurred to 
target levels of fasting 
plasma glucose levels of 
<126 mg/dL to a 
maximum of 4 tablets 
daily) 
Goldstein et al20 

 
Glipizide 15 mg BID 
 
vs 
 
metformin 500 mg QD to 
metformin 2,000 mg daily 
 
vs 
 
glipizide 5 mg and 
metformin 500 mg daily 
to glipizide 20 mg and 
metformin 2,000 mg daily 
as a combination product 
 
 
 

DB, MC, PG, RCT 
 
Patients with type 2 
diabetes and 
inadequate glucose 
control (HbA1c 7.5%-
12%) despite 
monotherapy with at 
least half the 
maximum labeled 
daily dose of a 
sulfonylurea, fasting 
plasma glucose <300 
mg/dL, and a body 
mass index ≥25 to 
≤40 kg/m2 

N=247 
 

18 weeks 
 
 

Primary:  
Change in HbA1c 
 
Secondary:  
Changes in fasting 
plasma glucose, 3-hour 
postprandial plasma 
glucose, area under the 
concentration-time 
curve (AUC), 3-hour 
postprandial insulin 
incremental AUC 
during 3 hours after a 
standard test meal, 
fasting insulin level, 
serum lipid profiles, 
and body weight 

Primary: 
The decreases in HbA1c were significantly greater in the glipizide and 
metformin combination group compared to either of the monotherapy 
groups (P<0.001). 36.6% of patients in the glipizide and metformin 
combination group, 8.9% in the glipizide group, and 9.9% in the 
metformin group had an HbA1c<7% at the final visit.  
 
Secondary: 
The combination product reduced the fasting plasma glucose from 
baseline significantly more than the glipizide and metformin 
monotherapies (P<0.001).  
 
The combination product controlled postprandial glucose more than the 
metformin monotherapy or glipizide monotherapy, as measured using a 
3-hour incremental AUC (P=0.002, and P<0.001, respectively). 
 
The postprandial insulin 3-hour incremental AUC increased from 
baseline in the combination group and decreased in the glipizide 
monotherapy group, the differences between these groups was not 
significant (no P values reported). There was a decrease in the 
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Study Design 
and 

Demographics 

Sample Size 
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Duration 

End Points Results 

postprandial insulin AUC in the metformin monotherapy, which was 
significant (P<0.001 vs combination group). 
 
Fasting insulin decreased in the combination group and in the metformin 
monotherapy group. Fasting insulin increased in the glipizide 
monotherapy group. The changes in the combination group did not differ 
significantly from either monotherapy group (no P values reported). 
 
There were decreases in body weight in all groups, –0.3 kg with the 
combination group, –0.4 kg with the glipizide group, and –2.7 kg in the 
metformin group. The changes in the metformin group were significant 
compared to the combination group (P<0.001). 
 
There were no significant changes in the fasting lipid profile in the 
combination group or metformin monotherapy group. There were 
significant increases from baseline in total cholesterol and triglycerides 
in the glipizide monotherapy group (no P values reported). 

Duckworth  
et al21 

 
Glyburide and metformin 
combination product 
 
 

RETRO medical 
record review  
 
Patients from 18-80 
years of age with 
type 2 diabetes were 
eligible if they had 
received a 
combination product 
with glyburide and 
metformin for at least 
90 days and had been 
treated with glipizide 
or glyburide plus 
metformin at least 6 
months prior to 
switching to the 
combination product 
of glyburide and 
metformin, did not 

N=72 
 

196 days 
(mean follow-

up) 
 
 

Primary:  
Changes in HbA1c, lipid 
parameters, and weight 
 
Secondary:  
Not reported 

Primary:  
The mean baseline HbA1c in the total population (N=72) was 8.3 ±1.7%. 
The mean reduction in HbA1c was 0.6% (P=0.002) with a mean follow-
up of 196 days after the initiation of the glyburide and metformin 
combination product. The mean daily doses of glyburide and metformin 
at baseline and at final follow-up were 17.2 mg and 1,607 mg and 14.7 
mg and 1,750 mg, respectively.  
 
The greatest decrease in HbA1c was observed in patients with a baseline 
HbA1c ≥8% (N=37). This group had a mean reduction of HbA1c of 1.3% 
(P=0.0002) with similar doses of glyburide (14.7 mg vs 16.9 mg, 
P=0.077) and metformin (1,743 mg vs 1,624 mg, P=0.11) in both 
treatment periods.  
 
There were no significant changes in total cholesterol, high-density 
lipoprotein, low-density lipoprotein, or triglycerides from baseline. 
 
There were no significant changes in body weight from a baseline level 
of 104.3 kg to the last follow-up weight of 104 kg (P=0.0645). 
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exceed the maximum 
daily dose of 20 mg 
glyburide, 40 mg 
glipizide, 2,000 mg 
metformin, or 20 
mg/2,000 mg of the 
glyburide and 
metformin 
combination product, 
and HbA1c values 
must have been 
measured 35 days 
prior to or 3 days 
after starting the 
combination product 
and at least 90 days 
after the switch 

There were no significant differences in patient adherence to the regimen 
(92.4% before vs 90.9% after). 
 
Note: The investigators stated the small sample may have been 
insufficient in each subset to determine a difference in the preswitch and 
postswitch doses of glyburide and metformin. The retrospective design 
and the inclusion and exclusion criteria did not allow for all confounding 
variables, such as the daily dose of glyburide and metformin and the 
utilization of insulin or other oral antidiabetic medications. 
 
Secondary: 
Not reported 

Blonde et al22 

 
Glyburide coadministered 
with metformin  
 
vs 
 
glyburide and metformin 
in a combination product  
 

RETRO longitudinal 
cohort study of 
administrative claims 
containing pharmacy 
and clinical 
laboratory testing 
information 
 
Patients with type 2 
diabetes new to the 
combination product 
glyburide and 
metformin or 
glyburide 
coadministered with 
metformin between 
August 2000 and July 
2001 and had HbA1c 
levels at baseline 
within 79-194 days 

N=1,421 
 

~ 6 month 
follow-up 

period 
 
 
 

Primary:  
Change in HbA1c 
 
Secondary:  
Not reported 
 

Primary:  
The mean HbA1c for the two groups at baseline were similar, 9.1% for 
the combination product and 9.2% for the individual agents 
coadministered. During the follow-up period, patients taking the 
combination product had a lower mean daily dose of glyburide and 
metformin than patients receiving the individual agents coadministered 
regardless of baseline HbA1c.  
 
Fifty-six percent of patients in the combination group achieved an 
HbA1c<7% compared to 31.2% of patients receiving the individual 
agents coadministered. The mean HbA1c decrease from baseline in the 
combination group was –2.02% and –1.49% when the individual agents 
were coadministered. The regression results indicated that patients taking 
the combination product had a significantly greater (P<0.0001) reduction 
in HbA1c than patients receiving the individual agents coadministered.  

 
Patients receiving the combination product with baseline HbA1c≥8% 
experienced a significantly (P<0.0001) greater decrease in HbA1c of 
2.93% compared to 1.92% for the individual agents coadministered. 
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of initiating 
combination therapy, 
patients were 
excluded if they used 
insulin or if the daily 
medication doses 
exceeded 20 mg 
glyburide and 2,000 
mg metformin 
combination product, 
20 mg daily of 
glyburide, or 2,550 
mg daily of 
metformin 

For patients with baseline HbA1c<8%, the difference between the HbA1c 
responses remained significant. The reductions in HbA1c were smaller for 
both the combination product and the individual agents coadministered 
(0.54% and 0.23%; P=0.0017). 
 
Patients were more adherent with the combination product than the 
individual agents coadministered (84% days with drug supply vs 76% 
days with drug supply, respectively; P<0.0001). The patient adherence 
was not a significant predictor of decreases in HbA1c. The mean 
decreases in HbA1c were similar for those patients ≥80% adherent and 
<80% adherent for the combination product (2.12% vs 2.19%; P=NS) 
and the individual agents coadministered (1.47% vs 1.24%; P=NS). 
 
Secondary: 
Not reported 

Gottschalk et al23 
 
Metformin 500 mg BID 
for 12 weeks, then titrated 
once at the end of week 12 
to 1,000 mg BID if the 
self-monitored blood 
glucose (SMBG) level 
was >140 mg/dL or >126 
mg/dL later in the study 
 
vs 
 
glimepiride 1 mg QD for 
4 weeks, then titrated by 
doubling the dose at 
weeks 4,8, and 12 to a 
maximum dose of 8 mg 
QD 
 
(To maintain blinding, 
subjects on glimepiride 

AC, MC, PG, RCT, 
SB 
 
Pediatric subjects 
aged 8-17 years with 
type 2 diabetes 
(HbA1c>7.1 and 
<12.0%) with 
inadequate control 
despite treatment 
with either diet and 
exercise alone for at 
least 2 weeks prior to 
randomization or diet 
and exercise 
combined with 3 
months of ongoing or 
previous oral 
antidiabetic 
monotherapy  
 
 

N=285 
 

24 weeks 

Primary: 
Mean change in HbA1c 
from baseline to week 
24 
 
Secondary: 
Mean change in HbA1c 
from baseline to week 
12, proportion of 
patients achieving an 
HbA1c<7.0% at week 
24, mean change in 
fasting SMBG from 
baseline to weeks 4, 8, 
12, 18, and 24, mean 
changes in serum lipid 
concentrations from 
baseline to week 24 and 
changes in BMI, safety, 
adverse events, hypo-
glycemic episodes and 
vital signs  

Primary: 
The adjusted mean change in HbA1c at week 24 showed significant 
reductions from baseline in both groups, –0.70% and –0.85% in patients 
receiving glimepiride and metformin, respectively (P<0.05). 
 
Secondary: 
Significant reductions in the adjusted mean change from baseline HbA1c 
to week 12 were –0.69% and –0.76% in patients receiving glimepiride 
and metformin, respectively (P<0.05). 
  
The proportions of patients who achieved an HbA1c<7.0% at week 24 
were 42.4% of patients receiving glimepiride and 48.1% of patients 
receiving metformin (P=0.347).  
 
Significant reductions were seen in fasting SMBG levels from baseline to 
weeks 18 and 24 in patients receiving metformin (P<0.05) but no similar 
reductions were reported in the glimepiride group. 
 
There were no significant differences between the glimepiride and 
metformin groups in the mean change from baseline in any of the serum 
lipid concentrations (P value not reported). 
 



 
 

321 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

took a placebo pill in the 
evening.) 
 
 

Significant between-group differences were observed in the mean change 
from baseline BMI to week 24. Values were 0.26 kg/m2 and 0.33 kg/m2 
in patients receiving glimepiride and metformin, respectively (P=0.003). 
 
No deaths occurred during the study. The proportions of patients 
experiencing ≥1 adverse event were comparable between both treatment 
groups, with the most common adverse events being hyperglycemia, 
upper abdominal pain, diarrhea, nausea and headache. Two patients 
experienced serious adverse events that were considered possibly related 
to treatment: one patient in the glimepiride group had hyperglycemia, 
diabetic ketoacidosis and increased serum osmolarity and one patient in 
the metformin group had a nonhypoglyemic convulsion.  
 
The incidence of clinically relevant hypoglycemia was similar in both 
groups (P=0.554).  
 
No clinically significant differences in vital signs were seen between 
treatment groups (P value not reported). 

Kahn et al24 

 
Metformin 500 mg QD 
then titrated to 1,000 mg 
BID 
 
vs 
 
rosiglitazone 4 mg QD 
then titrated to 4 mg BID 
 
vs 
 
glyburide 2.5 mg QD then 
titrated to 7.5 mg BID 
 
(A dose increase was 
required at each visit if the 
FPG was ≥140 mg/dl and 

DB, MC, RCT 
 
Recently diagnosed 
(within 3 years) type 
2 diabetic patients 
between the ages of 
30 to 75 years who 
had not received 
previous 
pharmacologic 
treatment, with FPG 
levels ranging from 
126 to 180 mg/dL 
while their only 
treatment was 
lifestyle management 

 N=4,360 
 

4-6 years 
(median 

treatment 
durations 3.3 

years for 
glyburide and 

4 years for 
rosiglitazone 

and 
metformin) 

 
 
 

Primary: 
Time from 
randomization to 
treatment failure 
(defined as FPG >180 
mg/dL on consecutive 
testing after at least 6 
weeks of treatment at 
the maximum tolerated 
dose) 
 
Secondary: 
Time from 
randomization to a 
confirmed FPG >140 
mg/dL after at least 6 
weeks of treatment at 
the maximum tolerated 
dose (for patients who 

Primary: 
At 5 years, 15% of patients receiving rosiglitazone, 21% of those on 
metformin, and 34% of those on glyburide had failed monotherapy. This 
represents a risk reduction of 32% for rosiglitazone as compared with 
metformin and 63% for rosiglitazone as compared with glyburide 
(P<0.001 for both comparisons). 
 
Secondary: 
Progression to a confirmed FPG ≥140 mg/dL was seen in 79 of 511 
patients in the rosiglitazone group as compared with 127 of 520 patients 
in the metformin group (P=0.002) and 160 of 480 patients in the 
glyburide group (P<0.001). 
 
At the 4-year evaluation, 40% of the patients in the rosiglitazone group 
achieved an HbA1c<7% compared with 36% of the patients in the 
metformin group (P=0.03) and 26% of the patients in the glyburide 
group (P<0.001). 
 
The annual rate of β-cell function decline after 6 months was greatest in 
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a dose reduction was 
permitted if adverse 
events occurred.) 

entered the study with 
FPG ≤140 mg/dL); also 
FPG, HbA1c, weight, 
measures of insulin 
sensitivity, β-cell 
function, and adverse 
events 

the glyburide group (6.1% decreased), followed by the metformin group 
(3.1% decreased) and rosiglitazone group (2.0% decreased) (P<0.001 for 
rosiglitazone vs glyburide and P=0.02 for rosiglitazone vs metformin).  
 
Over a period of 5 years, the mean weight increased in the rosiglitazone 
group but decreased in the metformin group. In the glyburide group, 
weight gain occurred in the first year then remained stable (P value not 
reported). 
  
Treatment with glyburide group was associated with lower risk of 
cardiovascular events (including congestive heart failure) than was seen 
in the rosiglitazone and metformin groups (P<0.05). Rosiglitazone was 
associated with more weight gain and edema than either metformin or 
glyburide, but fewer gastrointestinal events were reported with 
rosiglitazone compared to metformin and fewer hypoglycemic events 
were seen with rosiglitazone compared to with glyburide (P<0.001 for all 
comparisons). 

DeFronzo et al25 

 
Protocol 1: Metformin 
850 mg QD increased 
gradually to 2,550 mg 
daily 
 
vs 
 
placebo  
 
Protocol 2: metformin 500 
mg QD gradually 
increased to 2,500 mg 
daily 
 
vs 
 
glyburide 5 mg BID 
increased to 10 mg BID 

Two RCT, DB, PG 
 
Moderately obese 
patients with 
NIDDM inadequately 
controlled by diet 
(Protocol 1 patients) 
or diet plus glyburide 
(Protocol 2 patients) 
 

 

Protocol 1 
N=289 

29 weeks 
 
 

Protocol 2 
N=632 

29 weeks 

Primary: 
Changes in plasma 
glucose, HbA1c, plasma 
insulin, lipids, and 
plasma lactate 
 
Secondary:  
Not reported 

Primary: 
Protocol 1: As compared to placebo, the metformin group had lower 
mean FPG concentrations of (189 ±5 vs 244 ±6 mg/dL; P<0.001). HbA1c 
levels were also lower in the metformin group (7.1 ±0.1% vs 8.6 ± 0.2%; 
P<0.001).  
 
The changes from baseline for total cholesterol and LDL cholesterol for 
metformin were significant compared to placebo (P=0.001 and P=0.019, 
respectively).  
 
Fasting plasma lactate levels were similar at all times during the active-
treatment in both groups. 
 
Protocol 2: Patients in the metformin plus glyburide combination group, 
compared to the glyburide alone group, had lower mean FPG 
concentrations (187 ±4 vs 261 ±4 mg/dl; P<0.001, and HbA1c values of 
7.1 ± 0.1% vs 8.7 ± 0.1%; P<0.001).  
 
The changes from baseline were significant compared to glyburide for 
the following: total cholesterol, metformin P=0.011 and metformin plus 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

 
vs 
 
metformin plus glyburide 

glyburide P=0.001; LDL cholesterol, P=0.009 for metformin and 
P=0.001 for metformin plus glyburide; and triglycerides, P=0.001 for 
each glyburide and metformin plus glyburide.  
 
Fasting plasma lactate did not change in any of the groups in the course 
of treatment. 
 
Secondary:  
Not reported 

Johnson et al26 

 
Metformin monotherapy 
 
vs 
 
sulfonylurea monotherapy 
 
vs 
 
combination therapy of 
sulfonylureas and 
metformin  

RETRO cohort 
analysis to identify 
persons aged ≥30 
years who were new 
users of oral 
antidiabetic drugs 
(sulfonylurea 
monotherapy, 
metformin 
monotherapy, or 
combination therapy 
of sulfonylureas and 
metformin) 
 
 

N=4,124 
 

N=2,138 
sulfonylurea 
monotherapy 

 
N=923 

metformin 
monotherapy 

 
N=1,081 

combination 
therapy 

Primary:  
Composite endpoint of 
fatal or nonfatal 
cardiovascular related 
events 
 
Secondary:  
Not reported 

Primary: 
A total of 381 patients died from cardiovascular causes and 715 were 
hospitalized at least once for cardiovascular reasons. Patients in the 
metformin monotherapy group had the lowest nonfatal hospitalization 
rate for cardiovascular causes (53.7 hospitalizations per 1,000 person 
years) compared to sulfonylurea monotherapy patients (75.3 per 1,000 
person years; P<0.05) and compared to combination therapy patients 
(90.2 per 1,000 person years; P<0.05). Nonfatal cardiovascular related 
hospitalization rates were similar for sulfonylurea monotherapy patients 
and combination therapy patients (P=0.08). 
 
Metformin monotherapy was associated with a lower risk of the 
composite endpoint (adjusted hazard ratio, 0.81; 95% CI, 0.68 to 0.97) as 
compared with sulfonylurea monotherapy.  
 
Cardiovascular hospitalizations were similar for sulfonylurea 
monotherapy and combination therapy (P=0.32).  
 
Secondary:  
Not reported 

*Synonym for glyburide 
Drug regimen abbreviations: BID=twice daily, QD=once daily, TID=three times daily, 
Study abbreviations: AC=active control, CI=confidence interval, DB=double-blind, HR=hazard ratio, MC=multicenter, PC=placebo-controlled, PG=parallel-group, RCT=randomized controlled trial, 
RETRO=retrospective, SB=single-blind 
Miscellaneous abbreviations: AUC=area under the curve, BMI=body mass index, FPG=fasting plasma glucose, HbA1c=hemoglobin A1c, LDL=low-density lipoprotein, NIDDM= non–insulin-dependent 
diabetes mellitus, PPG=post-prandial glucose, SMBG=self-monitoring of blood glucose 
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Additional Evidence 
 
Dose Simplification 
Each combination sulfonylurea product is administered once or twice daily depending on the dosage required for 
the individual patient.13-14 In a retrospective longitudinal cohort study of pharmacy and clinical laboratory claims, 
changes in HbA1c and overall adherence were compared for two groups of patients beginning combination 
sulfonylurea-metformin therapy. The first group was made up of patients who had been prescribed the 
combination formulation of glyburide and metformin. For the second group, coadministration of the individual 
agents, glyburide and metformin, was confirmed.22 Patients were reported to be more adherent with the 
combination product than the individual agents coadministered (84% days with drug supply vs 76% days with 
drug supply, respectively, P<0.0001); however, patient adherence was not a significant predictor of decreases in 
HbA1c in the statistical models. The mean decreases in HbA1c were similar for those patients ≥80% adherent and 
<80% adherent for the combination product (2.12% vs 2.19%, P=NS) and the individual agents coadministered 
(1.47% vs 1.24%, P=NS). The doses described for each study group were mean values only; therefore, it was 
difficult to determine if the doses of the individual agents coadministered were equal to the doses in the 
combination product. 

   
In another retrospective medical review by Duckworth et al, patients were identified who were taking glipizide or 
glyburide plus metformin as individual agents for at least 6 months and then were switched to the combination 
product of glyburide and metformin.21 The mean reduction in HbA1c was 0.6% (P=0.002) with a mean follow-up 
of 196 days after the initiation of the glyburide and metformin combination product. The doses described were 
mean values only; therefore, it was difficult to determine if the doses of the individual agents coadministered were 
equal to the doses in the combination product. The investigators found no significant differences in patient 
adherence to the regimens (92.4% before vs 90.9% after).  
 
In a retrospective analysis of pharmacy claims by Melikian et al, patients were classified as newly treated or 
previously treated.27 Newly treated patients were defined as those who had no antidiabetic fills for 6 months prior 
to the index date and previously treated patients were defined by receipt of antidiabetic monotherapy or 
combination therapy for at least 6 months prior to the index date. There were a total of 6,502 eligible newly treated 
patients. Newly treated patients were stratified into the following groups: metformin monotherapy, glyburide 
monotherapy, metformin and glyburide combination therapy, and a fixed-dose combination product of glyburide 
and metformin. After adjustment for possible confounding factors, there were no significant differences in 
adherence during the initial 6 months of therapy between the patients receiving metformin monotherapy, glyburide 
monotherapy, metformin and glyburide combination therapy compared to those in the fixed-dose combination 
product of glyburide and metformin group. Of the 6,196 patients who were prescribed metformin or glyburide as 
monotherapy, 1,815 patients had the alternative agent added (metformin or glyburide), resulting in a combination 
of glyburide and metformin given as single agents concurrently. After adjustment for possible confounding 
factors, significantly lower adherence rates were seen in the group receiving metformin monotherapy or glyburide 
in the preindex period who had the other agent added at the index date (54%; 95% confidence interval [CI], 0.52 to 
0.55) compared to those with a switch to fixed-dose combination product of glyburide and metformin at the index 
date (77%; 95% CI, 0.72 to 0.85). Significant predictors of adherence were total number of tablets per day, 
excluding target drugs, at index date (P=0.024) and age <55 years (P=0.001). There were a total of 59 previously 
treated patients who were receiving the combination of glyburide and metformin given as individual agents 
concurrently and were changed over to the fixed-dose combination product. The investigators found a significant 
improvement in adherence rates in the patients who were changed to the fixed-dose combination product (71% vs 
87%, P <0.001). This study did not address the impact of adherence rates on glycemic control. 
 
Daily et al performed two studies with patient compliance and persistence with antihyperglycemic regimens.28 The 
first study examined adherence within a Medicaid population for monotherapy regimens of metformin and a 
sulfonylurea and a multidrug regimen of metformin plus a sulfonylurea. After a one year follow-up, they found a 
49% compliance rate with metformin or sulfonylurea monotherapy and a 36% compliance rate with the multidrug 
regimen of metformin plus a sulfonylurea. After two years, they found a 42% compliance rate with metformin or 
sulfonylurea monotherapy and a 29% compliance rate with the multidrug regimen of metformin plus a 
sulfonylurea. In another study of patients in a pharmacy benefits management organization they found similar 
results. After a one year follow up, they found a 65% compliance rate with metformin or sulfonylurea 
monotherapy and a 44% compliance rate with a multidrug regimen of metformin plus a sulfonylurea. After two 
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years, they found a 63% compliance rate with metformin monotherapy, 65% compliance rate with sulfonylurea 
monotherapy, and a 36% compliance rate with a multidrug regimen of metformin plus a sulfonylurea. 

  
An evidence-based medicine literature search did not reveal data regarding the change from one combination 
sulfonylurea product to another. 

 
Stable Therapy 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 

 
Impact on Physician Visits 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 

IX. Cost 
 
A “relative cost index” is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For branded products with little 
or no recent utilization data, the average cost per prescription is calculated by the average wholesale price (AWP) 
and the standard daily dosing per product labeling. For generic products with little or no recent utilization data, the 
average cost per prescription is calculated by the Alabama Medicaid maximum allowable cost (MAC) and the 
standard daily dosage per product labeling. Please note that the relative cost index does not factor in additional 
cost offsets available to the Alabama Medicaid program via pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 

 
Relative Cost Index Scale  
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 
Rx=prescription 

 
Table 10.  Relative Cost of the Combination Sulfonylureas 

Generic Name Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 
glipizide and metformin tablet Metaglip®* $$$ $$$ 
glyburide and metformin tablet Glucovance®* $$$ $$$ 
*Generic is available in at least one dosage form or strength. 
 

X. Conclusions 
 

The combination sulfonylureas are approved for the treatment of type 2 diabetes. Both combination products are 
available generically, as well as their individual components. The effectiveness of these products was 
demonstrated through clinical trials. Many of these studies observed an individual sulfonylurea agent, glipizide, 
glyburide, or metformin, as monotherapy, and then drew a comparison to a combination of the sulfonylurea in 
question and metformin. They found significant improvements in glycemic control with the combination therapy 
compared to monotherapy.18-20 For example, in two studies where glyburide monotherapy and metformin 
monotherapy were compared to a combination of glyburide and metformin, the reductions in HbA1c were 
significantly greater with the combination.18-19 A similar outcome was seen when glipizide monotherapy and 
metformin monotherapy were compared to a combination of glipizide and metformin.20 The combination of 
glipizide and metformin had significantly greater reductions in HbA1c as compared to either monotherapy. A 
second set of studies consists of retrospective analyses that looked at glyburide and metformin as individual agents 
given concurrently compared to a combination product of glyburide and metformin.21-23 These studies provide only 
mean doses of the individual agents and the combination products, making it difficult to determine if equivalent 
doses of the individual agents given concurrently were equivalent to the combination products. Thus it is not clear 
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if there is any advantage of the combination formulation over the individual agents when given at an equivalent 
dose. The package inserts for the combination products give information regarding bioequivalence. The 
combination sulfonylurea formulations, except for the glyburide component of Glucovance®, have been proven 
bioequivalent to their individual drug components. The glyburide component of Glucovance® is not bioequivalent 
to glyburide (Micronase®).14,16 However, there are no direct trials comparing the efficacy of one combination 
sulfonylurea to another. 
 
The combination sulfonylureas share many similar drug-to-drug interactions and common adverse events.3,13-16 
The most common side effects include abdominal pain, diarrhea, dizziness, headache, nausea, vomiting and upper 
respiratory tract infections. There are no direct comparison trials of adverse events between the two sulfonylurea 
combination products. 
 
Although ADA/EASD treatment guidelines state that for the treatment of type 2 diabetes there is insufficient data 
to support recommending one class of agents or a combination of medications over others with regards to effects 
on complications, the guideline does recommend that metformin, along with lifestyle intervention, should be the 
initial pharmacologic therapy in the absence of specific contraindications.5,6 The IDF, ICSI, and NICE all 
recommend sulfonylureas when metformin fails or as first-line therapy in patients who are unable to tolerate/take 
metformin or are nonoverweight.9-11  Currently the ACE/AACE Diabetes Road Map recommends that in type 2 
diabetic patients naïve to pharmacologic therapy with an HbA1c of 6%-7%, sulfonylureas are considered an 
alterative for patient not able to take initial therapy (dipeptidyl peptidase-4 [DPP-4] inhibitors, metformin, etc.). 
For patients with an HbA1c of 7%-8%, a sulfonylurea may be combined with an α-glucosidase inhibitor, a DPP-4 
inhibitor, a meglitinide, metformin, or a thiazolidinedione to achieve glycemic goals. Two or more agents may be 
required. The Road Map also recommends that in patients with an HbA1c of 8%-9%, a sulfonylurea may be 
combined with a basal insulin analog, a DPP-4 inhibitor, a meglitinide, metformin, NPH insulin, a prandial insulin, 
premixed insulin preparations, a thiazolidinedione or other approved combinations to achieve glycemic goals. For 
patients with an HbA1c of 9%-10%, a sulfonylurea may be combined with a basal insulin analog, a meglitinide, 
metformin, NPH insulin, a prandial insulin, premixed insulin preparations, a thiazolidinedione or other approved 
combinations to achieve glycemic goals. In the treatment of type 2 diabetic patients currently treated 
pharmacologically in patients with an HbA1c of 6.5%-8.5%, the Road Map recommends that a sulfonylurea may be 
added to metformin, a thiazolidinedione, an incretin mimetic in combination with metformin or in combination 
with an incretin mimetic, or metformin and a thiazolidinedione.8 
 
Therefore, all brand products within the class reviewed are comparable to each other and to the generics and over-
the-counter products in this class and offer no significant clinical advantage over other alternatives in general use.  

 

XI. Recommendations 
 
No brand combination sulfonylurea is recommended for preferred status. Alabama Medicaid should accept cost 
proposals from manufacturers to determine cost effective products and possibly designate one or more preferred 
brands. 
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Single Entity Agents 
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February 20, 2008 

 
 

I. Overview  
 

Thiazolidinediones are selective agonists of the peroxisome proliferator-activated receptorγ (PPARγ).1-3 PPARγ is 
found in adipose tissue, pancreatic β cells, vascular endothelium and macrophages. When activated, PPARγ 
regulates the transcription of insulin-responsive genes responsible for glucose production, transportation and 
utilization. PPARγ also plays a role in the regulation of fatty acid metabolism. Glycemic control is improved by 
increasing insulin sensitivity in the periphery and decreasing glucose output in the liver.1-5 Thiazolidinediones do 
not stimulate insulin secretion and depend on the presence of insulin (endogenous or exogenous) for their efficacy 
in controlling blood glucose.1-5  
 
Troglitazone (Rezulin®) was the first PPARγ agonist marketed in the Unites States. Following approval by the 
Food and Drug Administration (FDA) in 1997, troglitazone became associated with hepatotoxicity and in March 
2000 was withdrawn from the market.6 Pioglitazone (Actos®) and rosiglitazone (Avandia®) received FDA 
approval in 1999 to improve glycemic control in type 2 diabetes mellitus as adjuncts to diet and exercise.4-5 
Though structurally similar to troglitazone, pioglitazone and rosiglitazone did not demonstrate significantly 
elevated liver enzymes when compared to placebo in clinical trials, though it is recommended that patients on 
these agents undergo periodic monitoring of liver enzymes.4-5 In May 2007, the FDA issued an alert informing 
healthcare professionals of a potential safety concern related to rosiglitazone.7 Safety data from a pooled analysis 
of controlled clinical trials noted a significant increased risk of myocardial infarction and cardiovascular-related 
deaths in patients taking rosiglitazone; however, other published and unpublished data from long-term clinical 
trials provided contradictory evidence. In July 2007, the FDA met and discussed the cardiovascular ischemic and 
thrombotic risks of thiazolidinediones, with a focus on rosiglitazone. The committee determined that rosiglitazone 
could remain on the market with a black box warning regarding potential risks of myocardial ischemic events.8-9 
At this time, pioglitazone has not been associated with an increased risk of myocardial infarction and/or 
cardiovascular-related deaths. In a placebo-controlled trial conducted in over 5,000 patients, pioglitazone was 
found to be no different from placebo in the primary composite endpoint, but fewer patients on pioglitazone 
reached the main secondary endpoint, which included time to death from all causes, myocardial infarction and 
stroke.10 A meta-analysis of 19 trials encompassing over 16,000 patients also reported that the composite of death 
from any cause, myocardial infarction or stroke was lower with pioglitazone than placebo or an active 
comparator.11 Both pioglitazone and rosiglitazone are associated with an increased risk of congestive heart failure 
and in August 2007 the FDA issued an alert that the product labeling for these products would be revised to 
include a black box warning regarding this adverse event.12  
  
Table 1 lists all single entity thiazolidinediones included in this review. This review encompasses all dosage forms 
and strengths. There are no generic formulations in the thiazolidinedione class. 

 
Table 1.  Single Entity Thiazolidinediones Included in this Review 

Generic Name Formulation(s) Example Brand Name(s) Current PDL 
Agent(s) 

pioglitazone tablet Actos® Actos® 
rosiglitazone tablet Avandia® Avandia® 
No generic products are available in this class.  
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II. Evidence-Based Medicine and Current Treatment Guidelines  
 
Table 2 summarizes the current treatment guidelines for the single entity thiazolidinediones. For a more 
comprehensive overview of the treatment of diabetes mellitus, please refer to the Appendix. 
 

Table 2.  Treatment Guidelines Using the Single Entity Thiazolidinediones 
Clinical Guideline Recommendation(s) 

American Diabetes 
Association (ADA):  
Standards of Medical Care 
in Diabetes—200813 

Prevention of Type 2 Diabetes 
• Metformin should be the only drug considered for use in diabetes prevention. For 

other drugs, issues of side effects and lack of persistence of effect in some studies led 
the panel to not recommend their use for diabetes prevention. 

• In addition to lifestyle counseling, metformin may be considered in those who are at 
very high risk and who are obese and under 60 years of age. 

 
Treatment of Type 2 Diabetes 
• Please see the following guideline (2006) and consensus statement update (2008) by 

the American Diabetes Association (ADA)/European Association for the Study of 
Diabetes (EASD).  

• The consensus algorithm (2006) was developed before the black box warnings about 
congestive heart failure for both pioglitazone and rosiglitazone were added and 
before publications raised concerns about increased risk of myocardial infarction with 
use of rosiglitazone. “This new information may prompt greater caution in using the 
thiazolidinediones.”  

American Diabetes 
Association (ADA)/European 
Association for the Study of 
Diabetes (EASD): 
Management of 
Hyperglycemia in Type 2 
Diabetes: A Consensus 
Algorithm for the Initiation 
and Adjustment of Therapy 
(2006)14 

• There is insufficient data to support recommending one class of agents or a 
combination of medications over others with regards to effects on complications. 

• Metformin, along with lifestyle intervention, should be the initial pharmacologic 
therapy in the absence of specific contraindications, when lifestyle intervention fails 
to achieve or maintain metabolic goals. 

• If lifestyle intervention and maximally tolerated doses of metformin fail to achieve 
glycemic goals, another medication should be added within 2-3 months of therapy 
initiation or whenever glycosylated hemoglobin A1c (HbA1c) goal is not achieved. 
Second-line pharmacologic therapies may include a thiazolidinedione, sulfonylurea, 
or insulin. 

• When more than one antihyperglycemic medication is used, the synergy of particular 
combinations and other interactions should be considered. Insulin in combination 
with metformin or a thiazolidinedione is particularly effective in lowering HbA1c.  

• The combination of a thiazolidinedione and metformin has modest additive effects in 
lowering HbA1c (by 0.3%-0.8%). 

American Diabetes 
Association (ADA)/European 
Association for the Study of 
Diabetes (EASD):  
Management of 
Hyperglycemia in Type 2 
Diabetes Mellitus: A 
Consensus Algorithm for the 
Initiation and Adjustment of 
Therapy: Update Regarding 
the Thiazolidinediones 
(2008)15 

• Thiazolidinediones along with sulfonylureas and insulin remain the recommended 
treatment options that should be added to metformin and lifestyle modifications if 
target HbA1c levels are not achieved. However, greater caution should be exercised 
prior to selecting a thiazolidinedione, especially in patients at risk of, or with, 
congestive heart failure.  

• “The current decision not to remove either or both of the thiazolidinediones from the 
algorithm represents a balance between the preservation of options to treat a 
challenging and progressive serious disease and the recent unfavorable evidence.” 

• Potential disadvantages of thiazolidinediones include fluid retention, twofold 
increased risk of congestive heart failure and weight gain. 

• Rosiglitazone may potentially increase the risk of myocardial infarction and has an 
atherogenic lipid profile. Pioglitazone may potentially decrease the risk of 
myocardial infarction and has an improved lipid profile.  

American Association of 
Clinical Endocrinologists 
(AACE):  
Medical Guidelines for 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, initiate monotherapy with metformin, 

thiazolidinediones, secretagogues (sulfonylureas or meglitinides), dipeptidyl 
peptidase-4 (DPP-4) inhibitors, or α-glucosidase inhibitors. 
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Clinical Guideline Recommendation(s) 
Clinical Practice for the 
Management of Diabetes 
Mellitus (2007)16 

• In patients with an HbA1c of 7%-8%, initiate combination therapy. Regimens may 
include a thiazolidinedione combined with a secretagogue (concurrent therapy or 
fixed-dose regimens), metformin (concurrent therapy or fixed-dose regimens), a 
DPP-4 inhibitor, or a secretagogue plus metformin. 

• In patients with an HbA1c of 8%-10%, initiate/intensify combination therapy to 
address fasting and postprandial glucose levels. 

 
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• The combination therapies listed for patients naïve to therapy are appropriate for 

patients being treated pharmacologically.  
• Additionally, exenatide may be combined with approved oral therapies, including 

thiazolidinediones, in patients who have not achieved glycemic goals.  
American College of 
Endocrinologists 
(ACE)/American Association 
of Clinical Endocrinologists 
(AACE), Diabetes Road Map 
Task Force:  
Road Maps to Achieve 
Glycemic Control in Type 2 
Diabetes (2007)17 

Prevention of Type 2 Diabetes 
• Thiazolidinediones are listed as treatment options for the prevention of type 2 

diabetes; although, they are not approved by the Food and Drug Administration for 
this use. 

 
Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, the following are preferred as initial therapy: 

metformin, thiazolidinediones, α-glucosidase inhibitors or dipeptidyl peptidase-4 
(DPP-4) inhibitors. (Note: the road map cites a recent report that suggests a possible 
link of rosiglitazone to cardiovascular events that requires further evaluation.) 

• In patients with an HbA1c of 7%-8%, thiazolidinediones may be combined with 
metformin, a meglitinide, an α-glucosidase inhibitor, a sulfonylurea or a DPP-4 
inhibitor to achieve glycemic goals. Two or more agents may be required. 

• In patients with an HbA1c of 8%-9%, thiazolidinediones may be combined with 
metformin, a sulfonylurea, a meglitinide, a DPP-4 inhibitor, a basal insulin analog, a 
prandial insulin, premixed insulin preparations, NPH insulin or other approved 
combinations to achieve glycemic goals. 

• In patients with an HbA1c of 9%-10%, thiazolidinediones may be combined with 
metformin, a sulfonylurea, a meglitinide, a basal insulin analog, a prandial insulin, 
premixed insulin preparations, NPH insulin or other approved combinations to 
achieve glycemic goals. 

  
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• In patients with an HbA1c of 6.5%-8.5%, a thiazolidinedione may be added to 

metformin, a sulfonylurea, a DPP-4 inhibitor, an incretin mimetic (with or without 
metformin) or insulin to achieve glycemic goals. 

International Diabetes 
Federation (IDF) Clinical 
Guidelines Task Force:  
Global Guideline for Type 2 
Diabetes (2005)18 

• Thiazolidinediones may be added to metformin as an alternative to sulfonylureas, 
added to a sulfonylurea when metformin is contraindicated, or added to the 
combination of metformin and sulfonylurea. 

Institute for Clinical Systems 
Improvement (ICSI):  
Healthcare Guideline: 
Management of Type 2 
Diabetes Mellitus (2006)19 

• Metformin is the preferred agent if not contraindicated.  
• Sulfonylureas and thiazolidinediones are acceptable secondary choices. 
• Combination therapy with oral agents may be required to achieve goals. 

National Institute for Health 
and Clinical Excellence 
(NICE): 
Clinical Guidelines for Type 
2 Diabetes: Management of 
Blood Glucose (2002)20 

• Thiazolidinediones may be considered as combination therapy in patients unable to 
take metformin and insulin secretagogue (sulfonylurea or meglitinide) combination 
therapy or when HbA1c control is unsatisfactory with metformin and insulin 
secretagogue combination therapy. 
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III. Indications  
 
Table 3 lists the FDA-approved indications for the single entity thiazolidinediones. While agents within this 
therapeutic class may have demonstrated positive activity via in vitro trials, the clinical significance of this activity 
remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo clinical trials. As such, this 
review and the recommendations provided are based exclusively upon the results of such clinical trials. 
 

Table 3.  FDA-Approved Indications for the Single Entity Thiazolidinediones4-5 

Indication Pioglitazone Rosiglitazone 
Monotherapy as an adjunct to diet and exercise to improve glycemic control in 
patients with type 2 diabetes mellitus 

a  

Monotherapy and combination therapy as an adjunct to diet and exercise to improve 
glycemic control in patients with type 2 diabetes mellitus  

 a 

Combination therapy with a sulfonylurea, metformin or insulin when diet and 
exercise plus a single agent do not result in adequate glycemic control 

a  

 
IV. Pharmacokinetics  
 

Table 4 outlines the pharmacokinetic properties for the single entity thiazolidinediones. 
 

Table 4.  Pharmacokinetic Parameters of the Single Entity Thiazolidinediones1-5 

Drug Systemic  
Bioavailability 

(%) 

Protein 
Binding 

(%) 

Main Metabolizing 
Enzyme(s) 

Half-Life 
(hours) 

Active 
Metabolite(s) 

Pioglitazone Not reported >99% Cytochrome P450 2C8, 
3A4, and 1A1 

3-7 (pioglitazone); 16-
24 (total pioglitazone)  

Yes; MII, MIII 
and MIV 

Rosiglitazone 99 99.8% Cytochrome P450 2C8 
and 2C9 

3-4 None 

 
V. Drug Interactions  

 
Table 5 includes the clinically significant drug-drug interactions associated with the single entity 
thiazolidinediones. 
 

Table 5.  Significant Drug-Drug Interactions for the Single Entity Thiazolidinediones2 

Drug(s) Significance 
Level 

Interaction Mechanism 

Pioglitazone, 
rosiglitazone 

2 Gemfibrozil Gemfibrozil may inhibit the metabolism of thiazolidinediones and cause 
increases in plasma concentrations. There is an increased risk of 
hypoglycemia and other adverse effects. Reduce the dose of the 
thiazolidinedione and monitor blood glucose closely if coadministration 
is necessary.  

Pioglitazone, 
rosiglitazone 

2 Rifamycins Rifamycins may increase the metabolism of the thiazolidinediones, 
reducing their plasma concentrations and half-lives, resulting in 
decreased glycemic control. Monitor blood glucose closely when 
initiating and terminating rifamycin therapy. 

Significance Level 1=major severity 
Significance Level 2=moderate severity 
 
VI. Adverse Drug Events  

 
Common adverse reactions reported with the single entity thiazolidinediones are summarized in Table 6. 
Troglitazone (Rezulin®), the first thiazolidinedione approved in the United States, was associated with 
idiosyncratic hepatotoxicity. In clinical trials, troglitazone was more frequently associated with significantly 
elevated liver enzymes compared with placebo.4-5 During clinical use, cases of liver failure, liver transplants and 
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deaths were reported with troglitazone, leading to its withdrawal from the market in 2000.6 Pioglitazone and 
rosiglitazone are structurally related to troglitazone; however, in preclinical trials, the incidence of significantly 
elevated liver enzymes was comparable to placebo and not clearly related to therapy with either agent. It is 
recommended that patients on either pioglitazone or rosiglitazone undergo periodic monitoring of liver enzymes. 
 
The black box warning for thiazolidinediones and congestive heart failure is noted in Table 7. Initiation of 
pioglitazone or rosiglitazone in patients with established New York Heart Association (NYHA) Class III or IV is 
contraindicated.  
 
In May 2007, the FDA issued an alert informing healthcare professionals of a potential safety concern related to 
rosiglitazone.7 Safety data from a pooled analysis of controlled clinical trials noted a significant increased risk of 
myocardial infarction and cardiovascular-related deaths in patients taking rosiglitazone; however, other published 
and unpublished data from long-term clinical trials provided contradictory evidence. In July 2007, the 
Endocrinologic and Metabolic Drugs Advisory Committee and the Drug Safety and Risk Management Advisory 
Committee of the FDA met and discussed the cardiovascular ischemic and thrombotic risks of thiazolidinediones, 
with a focus on rosiglitazone. While committee members voted that rosiglitazone was associated with an increased 
cardiovascular risk (20=yes, 3=no), the committee determined that rosiglitazone could remain on the market with a 
black box warning regarding its cardiovascular risk (22=yes, 1=no).8-9 The black box warning for rosiglitazone and 
myocardial ischemia can be found in Table 8. At this time, pioglitazone has not been associated with an increased 
risk of myocardial infarction and/or cardiovascular-related deaths. One study conducted in over 5,000 patients 
reported that pioglitazone was associated with a decreased risk of the composite of all-cause mortality, myocardial 
infarction and stroke (the main secondary endpoint of the study).10 A meta-analysis of 19 trials encompassing over 
16,000 patients also reported that the composite of death from any cause, myocardial infarction or stroke was 
lower with pioglitazone than placebo or an active comparator.11  

 
Table 6.  Adverse Reactions (%) Reported with the Single Entity Thiazolidinediones1,4-5 

Adverse Event Pioglitazone Rosiglitazone 
Cardiovascular 
Angina - a 
Congestive heart failure a a 
Myocardial infarction - a 
Myocardial ischemia - a 
Central Nervous System 
Headache 7-9 6 
Dermatological 
Pruritus - rare 
Rash - rare 
Stevens Johnson syndrome - rare 
Urticaria - rare 
Endocrine and Metabolic 
Aggravated diabetes mellitus 5 - 
Edema 5-15 5-15 
Hyperglycemia - 4 
Hypoglycemia a 1 
Weight gain a a 
Gastrointestinal 
Diarrhea - 2 
Tooth disorder 5 - 
Genitourinary 
Ovulation a a 
Hematologic 
Anemia ≤2 2-7 
Hematocrit decreased a a 
Hemoglobin decreased a a 
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Adverse Event Pioglitazone Rosiglitazone 
Musculoskeletal 
Back pain - 4 
Fatigue - 4 
Fracture of bone 5 a 
Myalgia 3-5 - 
Respiratory 
Dyspnea a - 
Pharyngitis 5 - 
Pleural effusion - a 
Pulmonary edema - a 
Sinusitis 6 3 
Upper respiratory tract infection 13 10 
Other 
Anaphylactic reaction - rare 
Angioedema - rare 
Cholestatic hepatitis - a 
Hepatotoxicity rare rare 
Injury - 8 
Macular retinal edema a a 

-Event not reported or incidence <1% 
aPercent not specified 
 

Table 7.  Black Box Warning for Thiazolidinediones and Congestive Heart Failure4-5 
Warning for Congestive Heart Failure 

Thiazolidinediones, including pioglitazone and rosiglitazone, cause or exacerbate congestive heart failure in some patients 
(see WARNINGS). After initiation of pioglitazone or rosiglitazone, and after dose increases, observe patients carefully for 
signs and symptoms of heart failure (including excessive, rapid weight gain, dyspnea, and/or edema). If these signs and 
symptoms develop, the heart failure should be managed according to current standards of care. Furthermore, 
discontinuation or dose reduction of pioglitazone or rosiglitazone must be considered. 
 
Pioglitazone or rosiglitazone is not recommended in patients with symptomatic heart failure. Initiation of pioglitazone or 
rosiglitazone in patients with established New York Heart Association Class III or IV heart failure is contraindicated. (See 
CONTAINDICATIONS and WARNINGS.) 

 
Table 8.  Black Box Warning for Rosiglitazone and Myocardial Ischemia5 

Warning for Myocardial Ischemia 
A meta-analysis of 42 clinical studies (mean duration 6 months: 14,237 total patients), most of which compared 
rosiglitazone to placebo, showed rosiglitazone to be associated with an increased risk of myocardial ischemic events such 
as angina or myocardial infarction. Three other studies (mean duration 41 months; 14,067 total patients), comparing 
rosiglitazone to some other approved oral antidiabetic agents or placebo, have not confirmed or excluded this risk. In their 
entirety, the available data on the risk of myocardial ischemia are inconclusive. (See WARNINGS and PRECAUTIONS.) 

 
VII. Dosing and Administration  
 

The usual dosing regimens for the single entity thiazolidinediones are summarized in Table 9. 
 

Table 9.  Usual Dosing for the Single Entity Thiazolidinediones1-5 

Drug Usual Adult Dose Usual Pediatric Dose Availability 
Pioglitazone Monotherapy: 

Tablet: initial, 15-30 mg once daily; maximum: 45 mg per day 
 
Combination with insulin:  

Safety and efficacy in 
pediatric patients have 
not been established. 

Tablet: 
15 mg 
30 mg 
45 mg 
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Drug Usual Adult Dose Usual Pediatric Dose Availability 
Tablet: initial, 15-30 mg once daily; maximum: 45 mg per day 
 
Combination with metformin:  
Tablet: initial, 15-30 mg once daily; maximum: 45 mg per day 
 
Combination with a sulfonylurea:  
Tablet: initial, 15-30 mg once daily; maximum: 45 mg per day 

Rosiglitazone Monotherapy: 
Tablet: initial, 4 mg once daily or 2 mg twice daily; 
maintenance: 4 mg once daily or twice daily; maximum: 8 mg 
per day 
 
Combination with metformin:  
Tablet: initial, 4 mg once daily or 2 mg twice daily; maximum: 
8 mg per day 
 
Combination with a sulfonylurea: 
Tablet: initial, 4 mg once daily or 2 mg twice daily; maximum: 
8 mg per day 
 
Combination with sulfonylurea plus metformin: 
Tablet: initial, 4 mg once daily or 2 mg twice daily; maximum: 
8 mg per day 

Safety and efficacy in 
pediatric patients have 
not been established. 

Tablet: 
2 mg 
4 mg 
8 mg 
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VIII. Effectiveness  
 

Table 10 summarizes clinical trials evaluating the safety and effectiveness of the single entity thiazolidinediones.  
 
Table 10.  Comparative Clinical Trials Using the Single Entity Thiazolidinediones 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Cardiovascular Outcomes Trials 
PROactive 
Study10  
 
Pioglitazone 15 
mg (month 1) QD 
titrated to 30 mg 
QD (month 2) and 
to 45 mg QD 
(month 3) if 
tolerated 
 
vs 
 
placebo 
 
Study drugs were 
taken in addition 
to the patients’ 
glucose-lowering 
drugs and other 
medications. 
 
 

DB, MC, PC, PRO, RCT 
 
Patients 35-75 years of age 
with type 2 diabetes with an 
HbA1c >6.5% despite 
treatment with diet alone or 
with oral glucose-lowering 
agents with or without insulin 
and evidence of extensive 
macrovascular disease as 
defined by ≥1 of the 
following:  
myocardial infarction (MI) or 
stroke at least 6 months prior 
to enrollment, percutaneous 
coronary intervention or 
coronary artery bypass 
surgery at least 6 months 
prior to enrollment, acute 
coronary syndrome (ACS) at 
least 3 months prior to 
enrollment, or objective 
evidence of coronary artery 
disease (CAD) or obstructive 
arterial disease in the leg 
 
Patients were excluded if 
they had type 1 diabetes; 
were taking insulin only; had 
planned coronary or 
peripheral revascularization; 

N=5,238 
(N=2,605 for 

pioglitazone and 
N=2,633 for 

placebo) 
 

34.5 months 
(average time of 

observation) 

Primary: 
Composite of 
all-cause 
mortality, 
nonfatal MI 
(including silent 
MI), nonfatal 
stroke, ACS, 
endovascular or 
surgical 
intervention on 
coronary or leg 
arteries, or 
amputation 
above the ankle 
 
Secondary: 
Composite of 
all-cause 
mortality, 
nonfatal MI 
(excluding silent 
MI) and nonfatal 
stroke (main 
secondary 
endpoint); 
cardiovascular 
death; and time 
to individual 
components of 
the primary 

Primary: 
At least 1 event in the primary composite endpoint occurred in 514 
patients taking pioglitazone and 572 patients taking placebo (HR, 0.90; 
95% CI, 0.80 to 1.02; P=0.095).  
 
Secondary: 
Fewer patients on pioglitazone reached the main secondary endpoint 
(composite of all-cause mortality, MI and stroke) compared to placebo 
(301 vs 358 patients; HR, 0.84; 95% CI, 0.72 to 0.98; P=0.027). 
 
Significantly more reports of heart failure were noted in patients treated 
with pioglitazone compared to placebo (281 vs 198 patients; P<0.0001). 
Deaths due to heart failure did not differ significantly between the two 
study groups (25 for pioglitazone vs 22 for placebo; P=0.634). 
 
A greater number of patients on pioglitazone reported edema without 
heart failure compared to those on placebo (562 vs 341; P value not 
reported).  
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

had New York Heart 
Association (NYHA) class II 
heart failure or above; had 
ischemic ulcers, gangrene or 
rest pain in the leg; had had 
hemodialysis; or had 2.5 
times or greater the upper 
limit of normal 
concentrations of alanine 
aminotransferase.  

composite 
endpoint 

PROactive 04 
Study21 
 
Pioglitazone 15 
mg (month 1) QD 
titrated to 30 mg 
QD (month 2) and 
to 45 mg QD 
(month 3) if 
tolerated 
 
vs 
 
placebo 
 
Study drugs were 
taken in addition 
to the patients’ 
glucose-lowering 
drugs and other 
medications. 
 
 

DB, MC, PC, PRO, RCT 
 
Comparison of patients with 
and without prior stroke 
enrolled in the PROactive 
Study (see above) 

N=5,238  
(N=984 patients 
with prior stroke 

and N=4,254 
patients without 

prior stroke) 
 

34.5 months 
(average time of 

observation) 

Primary: 
Composite of 
all-cause 
mortality, 
nonfatal MI 
(including silent 
MI), nonfatal 
stroke, ACS, 
endovascular or 
surgical 
intervention on 
coronary or leg 
arteries, or 
amputation 
above the ankle 
 
Secondary: 
Composite of 
all-cause 
mortality, 
nonfatal MI 
(excluding silent 
MI) and nonfatal 
stroke 

Primary: 
In patients with prior stroke (N=486 pioglitazone and N=498 placebo), 
there was a trend of benefit with pioglitazone compared to placebo for 
the primary end point of all-cause mortality, nonfatal MI, nonfatal stroke, 
ACS, endovascular or surgical intervention on coronary or leg arteries, or 
amputation above the ankle (event rate 20.2% pioglitazone vs 25.3% 
placebo; HR, 0.78; 95% CI, 0.60 to 1.02; P=0.0670). 
 
Secondary: 
In patients with prior stroke, there was a trend of benefit with 
pioglitazone compared to placebo for the main secondary endpoint of all-
cause mortality, nonfatal MI or nonfatal stroke (event rate 15.6% 
pioglitazone vs 19.7% placebo; HR, 0.78; 95% CI, 0.58 to 1.06; 
P=0.1095). 
 
In patients with prior stroke, pioglitazone reduced fatal or nonfatal stroke 
(event rate 5.6% pioglitazone vs 10.2% placebo; HR, 0.53; 95% CI, 0.34 
to 0.85; P=0.0085) and the composite of cardiovascular death, nonfatal 
MI or nonfatal stroke (event rate 13.0% pioglitazone vs 17.7% placebo; 
HR, 0.72; 95% CI, 0.52 to 1.00; P=0.0467). 
 
Higher event rates were observed in patients with prior stroke compared 
with those without prior stroke. In patients without prior stroke, no 
treatment effect was observed for a first stroke. 
 
In a subgroup analysis from PROactive, pioglitazone reduced the risk of 
recurrent stroke significantly in high-risk patients with type 2 diabetes. 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

PROactive 05 
Study22  
 
Pioglitazone 15 
mg (month 1) QD 
titrated to 30 mg 
QD (month 2) and 
to 45 mg QD 
(month 3) if 
tolerated 
 
vs 
 
placebo 
 
Study drugs were 
taken in addition 
to the patients’ 
glucose-lowering 
drugs and other 
medications. 
 
 

DB, MC, PC, PRO, RCT 
 
Patients who qualified for 
entry into the PROactive 
Study on the basis of a 
previous MI 6 months or 
more before randomization 
(see above)  

N=2,445 patients 
with prior MI 
(1,230 in the 
pioglitazone 

group and 1,215 
in the placebo 

group) 
 

34.5 months 
(average time of 

observation) 

Primary: 
Fatal or nonfatal 
MI (excluding 
silent MI); 
cardiovascular 
death or nonfatal 
MI; cardiovas-
cular death, 
nonfatal MI or 
stroke; see 
PROactive 
Study  
 
Secondary: 
ACS; composite 
of nonfatal MI 
(excluding silent 
MI), coronary 
revasculariza-
tion, ACS, or 
cardiac death; 
see PROactive 
Study 

Primary: 
Pioglitazone significantly reduced the risk of fatal and nonfatal MI (RR, 
28%; P=0.045).  
 
There were no significant differences in the end point of cardiovascular 
death or nonfatal MI (P=0.201) or the end point of cardiovascular death, 
nonfatal MI or stroke (P=0.149). 
 
Secondary: 
Pioglitazone significantly reduced the risk of ACS (RR, 37%; P=0.035).  
 
Pioglitazone significantly reduced the risk of the cardiac composite end 
point of nonfatal MI, coronary revascularization, ACS and cardiac death 
(RR, 19%; P=0.033).  
 
PROactive: 
The differences in the primary and main secondary end points defined in 
the main PROactive study did not reach significance in the MI 
population (P=0.135 and P=0.0585, respectively); however, there was a 
consistently lower number of events in the pioglitazone-treated patients 
for all of the end points.  
 
The rate of heart failure and heart failure requiring hospitalization (in 
patients with a previous MI) were significantly higher in the pioglitazone 
group compared to placebo (13.5% vs 9.6%; P=0.003 and 7.5% vs 5.2%; 
P=0.022, respectively). The rates of fatal heart failure were similar (1.4% 
with pioglitazone vs 0.9% with placebo; P=0.283).  

PROactive 08 
Study23 
 
Pioglitazone 15 
mg (month 1) QD 
titrated to 30 mg 
QD (month 2) and 
to 45 mg QD 
(month 3) if 
tolerated 

DB, MC, PC, PRO, RCT 
 
Patients enrolled into the 
PROactive study who 
developed serious heart 
failure (defined as heart 
failure that required 
hospitalization or prolonged a 
hospitalization stay, was fatal 
or life threatening, or resulted 

N=5,238 
 

34.5 months 
(average time of 

observation) 

Primary: 
Composite of 
all-cause 
mortality, 
nonfatal MI 
(including silent 
MI), nonfatal 
stroke, ACS, 
endovascular or 
surgical 

Primary: 
Among patients with a serious heart failure event, subsequent all-cause 
mortality was proportionately lower with pioglitazone (40 of 149 
[26.8%] vs 37 of 108 [34.3%] with placebo; P=0.1338). Proportionately 
fewer pioglitazone patients with serious heart failure went on to have an 
event in the primary end point (47.7% with pioglitazone vs 57.4% with 
placebo; P=0.0593). 
 
Secondary: 
More pioglitazone (5.7%) than placebo patients (4.1%) had a serious 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

 
vs 
 
placebo 
 
Study drugs were 
taken in addition 
to the patients’ 
glucose-lowering 
drugs and other 
medications. 
 

in persistent significant 
disability or incapacity) (see 
above) 
 
Patients with NYHA Class 
II-IV heart failure at 
screening were excluded. 

intervention on 
coronary or leg 
arteries, or 
amputation 
above the ankle 
 
Secondary: 
Composite of 
all-cause 
mortality, 
nonfatal MI 
(excluding silent 
MI) and nonfatal 
stroke 

heart failure event during the study (P=0.007). However, mortality due to 
heart failure was similar (25 of 2,605 [0.96%] for pioglitazone vs 22 of 
2,633 [0.84%] for placebo; P=0.639). 
 
Significantly fewer pioglitazone patients with serious heart failure went 
on to have an event in the main secondary end point (34.9% with 
pioglitazone vs 47.2% with placebo; P=0.025).  
 
 

Lincoff et al11 
 
Pioglitazone 
monotherapy vs 
metformin (1 
trial), placebo (4 
trials), 
sulfonylureas (6 
trials) or 
rosiglitazone (1 
trial) 
 
or 
 
pioglitazone 
combination 
therapy (7 trials) 
with insulin, 
metformin, or 
sulfonylureas vs 
active comparator 
or placebo 
 

DB, MA, RCT with placebo 
or active comparator 
 
Adult patients with type 2 
diabetes mellitus and 
inadequate glycemic control 

19 trials 
 

N=16,390 
 

4 months to 3.5 
years 

Primary: 
Composite of 
death from any 
cause, MI or 
stroke 
 
Secondary: 
Incidence of 
serious heart 
failure 

Primary: 
Death, MI or stroke occurred in 375 of 8,554 patients (4.4%) receiving 
pioglitazone and 450 of 7,836 patients (5.7%) receiving control therapy 
(HR, 0.82; 95% CI, 0.72 to 0.94; P=0.005). 
 
Individual components of the primary end point were reduced with 
pioglitazone treatment with varying degrees of statistical significance 
(death HR, 0.92; P=0.38, MI HR, 0.81; P=0.08, death and MI HR, 0.85; 
P=0.04, and stroke HR, 0.80; P=0.09).  
 
Progressive separation of time-to-event curves became apparent after 
approximately 1 year of therapy. 
 
Secondary: 
Serious heart failure was reported in 2.3% of the pioglitazone-treated 
patients and 1.8% of the control patients (HR, 1.41; 95% CI, 1.14 to 
1.76; P=0.002). The composite of serious heart failure and death was not 
significantly increased among patients receiving pioglitazone (HR, 1.11; 
95% CI, 0.96 to 1.29; P=0.17).  
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Richter et al24 
(Cochrane 
Metabolic and 
Endocrine 
Disorders Group 
2006) 
 
Pioglitazone 
monotherapy (16 
trials) vs acarbose 
(1 trial), 
metformin (4 
trials), placebo (4 
trials), repaglinide 
(1 trial), 
rosiglitazone (1 
trial), or a 
sulfonylurea (8 
trials) 
 
or 
 
pioglitazone 
combination 
therapy versus a 
similar 
combination with 
another compound 
(9 trials including 
2 trials vs 
rosiglitazone) 
 
Some studies had 
more than one 
treatment arm.  

MA of DB (15) or OL (4) 
RCTs (last search conducted 
in August 2006, included 
PROactive Study), PG  
 
Adults with type 2 diabetes 
mellitus, trial duration of at 
least 24 weeks 

22 trials 
 

N=6,200 
randomized to 
pioglitazone 

treatment (total 
N not reported) 

 
24 weeks to 34.5 

months 

Primary: 
Patient-oriented 
outcomes 
including 
mortality, 
morbidity, 
adverse effects  
 
Secondary: 
Health-related 
quality of life, 
HbA1c 
 

Primary: 
Only one trial (PROactive Study) evaluated mortality and morbidity as 
an endpoint. The primary composite endpoint (time from randomization 
to all-cause mortality, nonfatal MI, stroke, ACS, endovascular or surgical 
intervention on the coronary or leg arteries, or amputation above the 
ankle) did not show statistically significant differences between the 
pioglitazone and placebo group (HR, 0.90; 95% CI, 0.80 to 1.02; 
P=0.095). 
 
Time to the first event of the composite endpoint of death from any 
cause, MI and stroke indicated a statistically significant difference 
between pioglitazone and placebo (HR, 0.84; 95% CI, 0.72 to 0.98; 
P=0.027). The individual components of the primary composite endpoint 
did not disclose statistically significant differences between intervention 
and control groups. Significantly more patients developed heart failure 
requiring hospitalization following administration of pioglitazone (6% vs 
4% on placebo; P=0.007).  
 
The percentage of overall and serious adverse events was comparable 
between intervention and control groups. Six trials reported a more 
pronounced (sometimes dose-related) decrease of hemoglobin after 
pioglitazone intake in comparison to other active compounds or placebo; 
hemoglobin reductions ranged between 0.5 and 0.75 g/dL. Fifteen trials 
evaluated body weight and observed an increase up to 3.9 kg after 
pioglitazone treatment; 7 trials described a rise in body mass index up to 
1.5 kg/m2. Eleven of the 22 included trials showed data on hypoglycemic 
episodes: compared to the active monotherapy control, pioglitazone 
treatment resulted in somewhat lower rates of hypoglycemia (P value not 
reported). The relative risk for development of edema with pioglitazone 
compared to the control was 2.86 (95% CI, 2.14 to 3.18; P<0.00001) 
when results from 18 trials were pooled.  
 
Secondary: 
No study investigated health-related quality of life. 
 
Active glucose-lowering compounds like metformin, glibenclamide‡, 
gliclazide* or glimepiride resulted in similar reductions of HbA1c 
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compared to pioglitazone treatment (P values not reported).  
Karter et al25 
 
Patients initiated 
pioglitazone 
(15.2%), 
sulfonylureas 
(25.3%), 
metformin 
(50.9%), and 
insulin (8.6%) 
alone, or in 
addition to pre-
existing therapies 

Cohort study of all patients in 
the Kaiser Permanente 
Medical Care Program with 
type 2 diabetes (Kaiser 
Permanente Northern 
California Diabetes Registry) 
who initiated any new 
diabetes pharmacotherapy 
between October 1999 and 
November 2001 

N=23,440 
 

10.2 months 
(mean) 

Primary: 
Time-to-incident 
admission to 
hospital for 
congestive heart 
failure (CHF) 
 
Secondary: 
Not reported 

Primary: 
Three hundred and twenty admissions for CHF were observed during the 
follow-up (mean 10.2 months) after drug initiation. Relative to patients 
initiating sulfonylureas, there were no significant increases in the 
incidence of hospitalization for CHF in those initiating pioglitazone (HR, 
1.28; 95% CI, 0.85 to 1.92). There was a significantly higher incidence 
among those initiating insulin (HR, 1.56; 95% CI, 1.00 to 2.45) and 
lower incidence among those initiating metformin (HR, 0.70; 95% CI, 
0.49 to 0.99).  
 
Secondary: 
Not reported 

Nissen et al26 
 
Rosiglitazone 
monotherapy or 
combination 
therapy 
 
vs 
 
placebo or active 
comparators 
(including 
gliclazide*, 
glimepiride, 
glipizide, 
glyburide, insulin, 
and metformin) 

MA of RCTs of more than 24 
weeks that had outcome data 
for MI and death from 
cardiovascular causes 
(included ADOPT and 
DREAM trials)  
 
Mean age of participants was 
56 years, mean baseline 
HbA1c 8.2%  

42 trials 
 

N=15,560 for 
rosiglitazone and 

N=12,283 for 
comparator 

 
24 to 208 weeks 

Primary: 
MI, death from 
cardiovascular 
causes 
 
Secondary: 
Not reported 

Primary: 
Rosiglitazone was associated with a significant increase in the risk of 
myocardial infarction compared to the control agent (OR, 1.43; 95% CI, 
1.03 to 1.98; P=0.03). 
 
Compared to the control agent, rosiglitazone was associated with a trend 
toward increased cardiovascular death (OR, 1.64; 95% CI, 0.98 to 2.74; 
P=0.06).  
 
Although not a prespecified end point, the odds ratio for death from any 
cause with rosiglitazone was 1.18 (95% CI, 0.89 to 1.55; P=0.24). 
 
Secondary: 
Not reported 
 
 

RECORD Interim 
Analysis27  
 
Rosiglitazone 
 
vs 

MC, OL, RCT 
 
Patients with type 2 diabetes 
between the ages of 40 and 
75 years, body mass index 
(BMI) >25.0 kg/m2, HbA1c 

N=4,447 
(N=1,117 

rosiglitazone 
plus metformin, 

N=1,103 
rosiglitazone 

Primary: 
Hospitalization 
or death from 
cardiovascular 
causes  
 

Primary: 
For adjudicated primary end points (hospitalization or death from 
cardiovascular causes), the hazard ratio was 1.08 (95% CI, 0.89 to 1.31; 
P=0.43) with 217 events in the rosiglitazone group and 202 events in the 
control group. An additional 91 patients (50 in the rosiglitazone group 
and 41 in the control group) had potential primary events reported by 
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metformin or 
sulfonylurea 
(glyburide, 
gliclazide*, or 
glimepiride) 
 
After a 4-week 
run-in period, 
patients who were 
already taking 
metformin were 
randomly 
assigned to 
receive rosiglit-
azone or a 
sulfonylurea; 
patients who were 
already taking a 
sulfonylurea were 
randomly 
assigned to 
receive rosiglit-
azone or 
metformin.  

7.1% to 9.0% while receiving 
maximum permitted or 
tolerated doses of metformin 
or a sulfonylurea 
 
Exclusion criteria were the 
current use of other glucose-
lowering agents, 
hospitalization for a major 
cardiovascular event in the 
previous 3 months, a planned 
cardiovascular intervention, 
heart failure, clinically 
significant hepatic disease, 
renal impairment, and 
uncontrolled hypertension.  

plus 
sulfonylurea, 

N=2,227 
metformin plus 
sulfonylurea) 

 
Mean follow-up 
3.75 years for 
the unplanned 

interim analyses 
(study was 

designed to be 6 
years)  

Secondary: 
Death from 
cardiovascular 
causes and from 
any cause, MI, 
CHF, and 
composite of 
death from 
cardiovascular 
causes, MI and 
stroke  

investigators, but these events were pending adjudication. 
 
Secondary: 
There was no statistically significant difference between the rosiglitazone 
group and the control group for the following secondary end points: 
death from cardiovascular causes (HR, 0.83; 95% CI, 0.51 to 1.36; 
P=0.46) or any cause (HR, 0.93; 95% CI, 0.67 to 1.27; P=0.63), MI (HR, 
1.16; 95% CI, 0.75 to 1.81; P=0.50), or the composite of cardiovascular 
death, MI and stroke (HR, 0.97; 95% CI, 0.73 to 1.29; P=0.83). 
However, the power to detect significant differences was low, as 
reflected by the wide 95% CI.  
 
Patients in the rosiglitazone group had a significantly higher risk of CHF 
than did patients in the control group, with 38 vs 17 adjudicated events 
(HR, 2.24; 95% CI, 1.27 to 3.97; P=0.006).  
 
 

Singh et al28 
 
Rosiglitazone 
 
vs 
 
control (placebo 
or other 
nonthiazolidine-
dione oral 
hypoglycemic 
drug including 

MA of RCTs (available up to 
May 2007 and included 
ADOPT, DREAM and 
RECORD trials) of 
rosiglitazone of at least 12 
months duration  
 
Study participants with 
impaired glucose tolerance or 
type 2 diabetes, studies 
monitored cardiovascular 
adverse events and provided 

4 trials 
 

N=14,291 
(N=6,421 

rosiglitazone and 
N=7,870 
control) 

 
1-4 years 

Primary: 
Relative risks of 
MI, heart failure, 
and 
cardiovascular 
mortality  
 
Secondary: 
Not reported 

Primary: 
Rosiglitazone significantly increased the risk of myocardial infarction 
(94 vs 83; RR, 1.42; 95% CI, 1.06 to 1.91; P=0.02) and heart failure (102 
vs 62; RR, 2.09; 95% CI, 1.52 to 2.88; P<0.001) compared to the control 
drug. 
 
There was no significant difference in the risk of cardiovascular mortality 
between the rosiglitazone and control group (59 vs 72; RR, 0.90; 95% 
CI, 0.63 to 1.26; P=0.53).  
 
Rosiglitazone had no effect on all-cause mortality (146 vs 180; RR, 0.99; 
95% CI, 0.80 to 1.23; P=0.92).  
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glyburide or 
metformin) 
 

numerical data on all adverse 
events 
  

 
Secondary: 
Not reported 

Richter et al29 
(Cochrane 
Metabolic and 
Endocrine 
Disorders Group 
2007) 
 
Rosiglitazone 
monotherapy (10 
trials) vs 
glyburide (2 
trials), metformin 
(3 trials), 
pioglitazone (1 
trial), placebo (5 
trials), or 
repaglinide (1 
trial) 
 
or 
 
rosiglitazone 
combination 
therapy vs a 
similar 
combination with 
another compound 
(8 trials) 
 
Some studies had 
more than 1 
treatment arm. 

MA of DB (11) or OL (5) 
RCTs (last search conducted 
in April 2007, included the 
ADOPT trial), PG  
 
Adults with type 2 diabetes 
mellitus, trial duration of at 
least 24 weeks 

18 trials 
 

N=3,888 
randomized to 
rosiglitazone 

treatment (total 
N not reported) 

 
24 weeks to 4 

years (median 26 
weeks) 

Primary: 
Patient-oriented 
outcomes 
including 
mortality, 
morbidity, 
adverse effects  
 
Secondary: 
Health-related 
quality of life, 
metabolic 
control (HbA1c) 
 

Primary: 
No study included mortality as a primary or secondary endpoint. While 
not an initial primary or secondary study endpoint, the ADOPT trial 
reported that the all-cause mortality was 2.3% in the rosiglitazone group, 
2.1% in the metformin group and 2.2% in the glyburide group (P values 
not reported in this reference).  
 
The ADOPT trial also reported comparable hospitalization rates for any 
cause between rosiglitazone (11.6%), metformin (11.8%), and glyburide 
(10.4%) groups. (P values were not reported in this reference.) 
Cardiovascular disease was increased in the rosiglitazone group 
compared to the glyburide group but not the metformin group with 
serious/total events reported in 3.4%/4.3% and 1.8%/2.8% of patients 
receiving rosiglitazone and glyburide, respectively (events were 
3.2%/4.0% with metformin). (P values were not reported in this 
reference.) Congestive heart failure was observed more frequently in 
patients receiving rosiglitazone (1.5%) than glyburide (0.6%) but not 
metformin (1.3%). (P values were not reported in this reference.)  
 
The percentage of overall adverse events was comparable between the 
intervention and control groups (which included placebo arms); serious 
adverse events appeared to happen more often after rosiglitazone 
treatment (median of 6% versus 4% in the control groups; P value not 
reported). Median discontinuation rate following rosiglitazone 
administration was also higher than after control therapy (median of 7% 
versus 4%; P value not reported). Three studies reported a more 
pronounced (apparently dose-related) decrease of hemoglobin after 
rosiglitazone intake in comparison to other active compounds or placebo; 
hemoglobin reductions ranged between 0.5 and 1.0 g/dL. Eleven studies 
evaluated body weight and observed an increase up to 5.0 kg after 
rosiglitazone treatment; 4 studies described a rise in body mass index up 
to 1.5 kg/m2. Seven of the 18 included studies showed data on 
hypoglycemic episodes: compared to active monotherapy control, 
rosiglitazone treatment resulted in somewhat lower rates of 
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hypoglycemia, especially when compared to sulfonylureas. Occurrence 
of edema was significantly raised when results of 9 studies were pooled 
(OR, 2.27; 95% CI, 1.83 to 2.81; P<0.00001). The ADOPT trial reported 
a higher incidence of fractures in women receiving rosiglitazone (9.30%) 
than metformin (5.08%; P<0.01) or glyburide (3.47%; P<0.01).  
 
Secondary: 
No study investigated health-related quality of life. 
 
Active glucose-lowering compounds like metformin, glibenclamide‡ or 
glimepiride resulted in similar reductions of HbA1c compared to 
rosiglitazone treatment.  

Gerrits et al30 
 
Pioglitazone 
 
vs 
 
rosiglitazone 
 
Doses were not 
specified. 
 
 

RETRO cohort study  
 
Patients median age 56 years 
who were initiated treatment 
with pioglitazone or 
rosiglitazone between 2003 
and 2006 

N=29,911 
(N=14,807 

pioglitazone and 
N=15,104 

rosiglitazone) 
 

1.2 to 1.3 years 

Primary: 
Risk of 
hospitalization 
for acute MI  
 
Secondary: 
Risk of 
composite of 
acute MI or 
coronary 
revascularization 
 

Primary: 
Among the patients that initiated pioglitazone, 1.1% was hospitalized for 
acute MI during follow-up compared to 1.4% for rosiglitazone (no P 
value reported). The unadjusted HR for hospitalization for acute MI 
associated with pioglitazone relative to rosiglitazone was 0.82 (95% CI, 
0.67 to 1.01; P value not reported). After readjustment for baseline 
covariates (eg, medical conditions, procedures and dispensed drugs), the 
HR was 0.78 (95% CI, 0.63 to 0.96; P value not reported).  
 
Secondary: 
There were 2.6% and 3.1% of patients in the pioglitazone and 
rosiglitazone groups, respectively, with a first event in the composite 
endpoint of acute MI or coronary revascularization. The adjusted HR for 
the composite of acute MI or coronary revascularization was 0.85 (95% 
CI, 0.75 to 0.98; P value not reported).  

Lipscombe et al31 
 
Pioglitazone or 
rosiglitazone 
 
vs 
 
other oral 
hypoglycemic 
agent 

Nested case-control analysis 
of a RETRO cohort study 
using health care databases in 
Ontario, Canada 
 
Diabetes patients aged 66 
years or older treated with at 
least 1 oral hypoglycemic 
agent between 2002 and 
2005, follow-up until March 

N=159,026 
 

Median follow-
up 3.8 years 

Primary: 
Emergency 
department visit 
or 
hospitalization 
for CHF 
 
Secondary: 
Emergency 
department visit 

Primary: 
Current treatment with thiazolidinedione monotherapy was associated 
with a significantly increased risk of CHF (78 cases; adjusted RR, 1.60; 
95% CI, 1.21 to 2.10; P<0.001) compared with other oral hypoglycemic 
agent combination therapies (3,478 CHF cases). 
 
The increased risk of CHF associated with thiazolidinedione use 
appeared limited to rosiglitazone. 
 
Secondary: 
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combinations, 
after matching 
and adjusting for 
prognostic factors 

31, 2006  or 
hospitalization 
for acute MI, all-
cause mortality 

Current treatment with thiazolidinedione monotherapy was associated 
with a significantly increased risk of acute MI (65 vs 3,695 cases; RR, 
1.40; 95% CI, 1.05 to 1.86; P=0.02) and death (102 vs 5,529 cases; RR, 
1.29; 95% CI, 1.02 to 1.62; P=0.03) compared with other oral 
hypoglycemic agent combination therapies. 
 
The increased risk of acute MI and death associated with 
thiazolidinedione use appeared limited to rosiglitazone.  

Lago et al32 
 
Pioglitazone 15 to 
45 mg per day (2 
trials) or 
rosiglitazone 4 to 
8 mg per day (5 
trials) 
 
vs 
 
placebo (4 trials), 
glibenclamide‡ (1 
trial), glimepiride 
(1 trial), 
metformin (1 
trial), or 
metformin plus 
nonspecified 
sulfonylurea (1 
trial) 
 
Doses of 
comparators not 
specified and 1 
trial had 2 control 
groups.  
 
 

MA of DB, RCTs of 
thiazolidinediones that 
reported risk estimates or 
frequency data for congestive 
heart failure and 
cardiovascular death 
(literature search from 
January 1998 to March 2007) 
 
Patients with prediabetes or 
type 2 diabetes (with and 
without cardiovascular 
disease), mean age 59.2 
years, mean BMI 31 kg/m2, 
mean baseline HbA1c 7.72%  

7 trials 
 

N=20,191  
 

29.7 months 
(range 12 to 48 

months) 

Primary: 
Development of 
CHF, risk of 
cardiovascular 
death 
 
Secondary: 
Not reported 

Primary: 
Three hundred and sixty of 20,191 patients who had either prediabetes or 
type 2 diabetes had CHF events (214 with thiazolidinediones and 146 
with comparators). The overall event rate for CHF was 2.3% for patients 
receiving thiazolidinediones and 1.4% in the comparator group. 
 
Patients given pioglitazone (RR, 1.32; 95% CI, 1.04 to 1.68; P=0.02) or 
rosiglitazone (RR, 2.18; 95% CI, 1.44 to 3.32; P=0.0003) had increased 
risk for development of CHF across a wide background of cardiac risk 
compared to the control agent (combined RR, 1.72; 95% CI, 1.21 to 2.42; 
P=0.002). The risk for CHF did not differ for rosiglitazone and 
pioglitazone (RR, 1.74; 95% CI, 0.97 to 3.14; P=0.07). 
 
The overall event rate for cardiovascular death was 0.7% in both groups. 
The risk of cardiovascular death was not increased with pioglitazone 
(RR, 1.01; 95% CI, 0.51 to 2.01; P=0.98), rosiglitazone (RR, 0.91; 95% 
CI, 0.63 to 1.32; P=0.63) or both thiazolidinediones (combined RR, 0.93; 
95% CI, 0.67 to 1.29; P=0.68). The risk of cardiovascular death did not 
differ between both drug groups (RR, 1.01; 95% CI, 0.73 to 1.40; 
P=0.96). 
 
Secondary: 
Not reported 
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Diabetes Trials–Thiazolidinedione vs Thiazolidinedione 
Khan et al33 

 
Pioglitazone 15 
mg QD to 45 mg 
QD 
 
vs 
 
rosiglitazone 2 
QD, 4 mg QD, or 
4 mg BID 

OL, PRO, RCT 
 
Patients previously stabilized 
on troglitazone with stable 
liver function, baseline 
HbA1c 7.9% for pioglitazone 
and 8.0% for rosiglitazone 

N=186 
 

4 months 

Primary: 
Effect on 
weight, HbA1c, 
lipoproteins 
 
Secondary: 
Not reported 

Primary: 
Both groups experienced equal and significant weight gain of ~2.0 kg 
from baseline (P<0.01). 
 
No significant change in HbA1c from baseline or difference between 
groups was observed after 4 months.  
 
Pioglitazone had significant reductions in total cholesterol (~ –20 
mg/dL†) compared to rosiglitazone (~5 mg/dL†; P<0.01). 
 
Pioglitazone had significant reductions in LDL cholesterol (~ –16 
mg/dL†) compared to rosiglitazone (~2 mg/dL†; P<0.01). 
 
Secondary: 
Not reported 

Goldberg et al34 

 
Pioglitazone 30 
mg QD titrated to 
45 mg QD after 
12 weeks 
 
vs 
 
rosiglitazone 4 mg 
QD titrated to 4 
mg BID after 12 
weeks 

DB, MC, PG, PRO, RCT 
 
Patients >35 years of age 
with type 2 diabetes with 
HbA1c >7%, TG ≥150 
mg/dL, LDL cholesterol 
≤130 mg/dL and C-peptide 
≥1 ng/mL, baseline HbA1c 
was 7.6% for pioglitazone 
and 7.5% for rosiglitazone 
 
Patients were excluded if 
they had NYHA class III-IV 
heart failure, MI or stroke in 
past 6 months; liver disease; 
serum creatinine >2 mg/dL; 
receiving renal dialysis or 
having renal transplant; 
current glucocorticoid use; 
receiving any lipid-lowering 
medication, insulin, 

N =802 
 

24 weeks 

Primary: 
Effect on TG 
and lipoproteins, 
HbA1c 
 
Secondary: 
Not reported 

Primary: 
TG levels significantly decreased (–51.9 mg/dL) with pioglitazone while 
TG levels increased with rosiglitazone (13.1 mg/dL; P<0.001).  
 
Pioglitazone significantly increased HDL cholesterol (5.2 mg/dL) 
compared to rosiglitazone (2.4 mg/dL; P<0.001).  
 
Non-HDL cholesterol was significantly higher with rosiglitazone (25.7 
mg/dL) compared to pioglitazone (3.6 mg/dL; P<0.001). 
 
Both treatment groups increased LDL cholesterol: however, smaller 
increases were observed with pioglitazone (12.3 mg/dL vs 21.3 mg/dL; 
P<0.001). 
 
LDL particle concentration was reduced with pioglitazone and increased 
with rosiglitazone (P<0.001). LDL particle size increased more with 
pioglitazone (P=0.005). 
 
Similar reductions in HbA1c were observed with pioglitazone  
(–0.7%) and rosiglitazone (–0.6%; P=0.129). 
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combination oral antidiabetic 
therapy or weight loss agent; 
pregnant or breast feeding; 
receiving therapy for 
malignancy; or drug or 
alcohol abuse. 

No difference between agents was observed in adverse events including 
edema, heart failure, liver function tests, blood pressure, and 
hypoglycemic episodes. 
 
Similar weight gain was observed with pioglitazone (2.0 kg) and 
rosiglitazone (1.6 kg; P=0.164). 
 
Secondary: 
Not reported 

Tran et al35 
 
Pioglitazone 45 
mg daily  
 
vs 
 
rosiglitazone 8 mg 
daily 

RETRO 
 
Retrospective chart review of 
type 2 diabetic patients who 
received a thiazolidinedione 
for >4 months after 
inadequate glycemic control 
on maximally tolerated doses 
of metformin and a 
sulfonylurea, baseline HbA1c 
was 9.5% for pioglitazone 
and 9.3% for rosiglitazone 
 
The study exclusion criteria 
were not specified. 

N=104 
 

1 year 

Primary: 
Proportion of 
patients with 
HbA1c ≤7.5% at 
4 months and 
then at 12 
months 
 
Secondary: 
Not specified 

Primary: 
After 4 months, 62% of patients on pioglitazone (35 total) and 65% of 
the patients on rosiglitazone (31 total) achieved an HbA1c ≤7.5% (P value 
not reported). Mean HbA1c levels were 7.4% for pioglitazone and 7.5% 
for rosiglitazone. 
 
Of the original population with an HbA1c of ≤7.5% at 4 months, 63% of 
patients on pioglitazone (22 total) and 61% on rosiglitazone (19 total) 
maintained an HbA1c ≤7.5% after 1 year (P value not reported).  
 
Secondary: 
Not specified 

Derosa et al36 
(2004) 
 
Pioglitazone 15 
mg once daily 
 
vs 
 
rosiglitazone 4 mg 
once daily 
 
vs 
 

DB, MC, PG, RCT 
 
Patients >18 years with type 
2 diabetes mellitus and 
metabolic syndrome, poor 
glycemic control (HbA1c 
>7.5%) or experienced 
adverse effects with diet and 
oral hypoglycemic agents, 
such as sulfonylureas or 
metformin, administered up 
to maximum tolerated dose  

N=87 
 

12 months 

Primary: 
Changes in BMI, 
HbA1c, FPG, 
PPG, FPI, PPI, 
HOMA index, 
lipid profile, 
lipoprotein 
variables 
 
Secondary: 
Not reported 

Primary: 
Patients in the pioglitazone and rosiglitazone experienced a significant 
increase in mean BMI at 12 months compared with baseline (4.92% and 
6.17%, respectively; both P<0.05). 
 
At 12 months, there was a 1.3% improvement from baseline in mean 
values for HbA1c (P<0.01), 19.3% in FPG (P<0.01), 16.3% in PPG 
(P<0.01), 42.4% in FPI (P<0.05), and 23.3% in PPI (P<0.05); no 
significant differences were found between treatment groups. Significant 
improvements in mean HOMA index were also observed in both groups 
compared to baseline (both P<0.01).  
 
Patients receiving pioglitazone experienced a significant improvement at 
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baseline 
 
All patients 
received 
glimepiride 4 mg 
per day in 2 
divided doses.  
 

12 months in almost all variables of lipid metabolism from baseline 
including TC (–11%), LDL cholesterol (–12%), HDL cholesterol (15%), 
and apolipoprotein B (–10.6% [all P<0.05]). Patients receiving 
rosiglitazone experienced a significant increase in TC (14.9%), LDL 
cholesterol (16.5%), TG (17.9%), and apolipoprotein B (10.3% [all 
P<0.05]).  
 
Of the 87 patients who completed the study, 3/45 of patients in the 
pioglitazone group and 5/42 patients in the rosiglitazone group had 
transient, mild-to-moderate adverse events that did not cause withdrawal 
from the trial.  
 
Secondary: 
Not reported 

Derosa et al37 
(2006) 
 
Pioglitazone 15 
mg once daily  
 
vs 
 
rosiglitazone 4 mg 
once daily 
 
vs 
 
baseline 
 
All patients 
received 
metformin at a 
mean dose of 
2,250 mg per day. 
 
 

DB, MC, PG, RCT 
 
Patients >18 years with type 
2 diabetes mellitus and 
metabolic syndrome, poor 
glycemic control (HbA1c 
>7.5%) or experienced 
adverse effects with diet and 
metformin, administered up 
to maximum tolerated dose  

N=96 
 

12 months 

Primary: 
Changes in BMI, 
HbA1c, lipid 
profile, 
lipoprotein (a), 
homocysteine 
 
Secondary: 
Effect on FPG, 
PPG, HOMA 
index 

Primary: 
No BMI change was observed at 3, 6, 9 and 12 months in either group. 
There was no difference in BMI value between pioglitazone and 
rosiglitazone (P value not reported). 
 
Significant HbA1c decreases were observed at 9 (both P<0.05 vs 
baseline) and 12 months (both P<0.01 vs baseline) in both groups. 
 
Significant TC, LDL cholesterol, HDL cholesterol, and TG improvement 
was present in the pioglitazone group at 12 months compared with the 
baseline values, and these variations were significantly different than 
rosiglitazone (P<0.05). No TC, LDL cholesterol, HDL cholesterol, or TG 
improvement was present in the rosiglitazone group after 12 months.  
 
Significant lipoprotein (a) and homocysteine improvement was present in 
the pioglitazone group at 12 months compared with the baseline values 
(both P<0.05), and lipoprotein (a) change was significant compared with 
the rosiglitazone group (P<0.05). Significant homocysteine decrease was 
observed in the rosiglitazone group at the end of the study (P<0.05).  
 
Secondary: 
After 9 and 12 months, mean FPG and PPG levels decreased in both 
groups compared to baseline (both P<0.05 and P<0.01, respectively). 
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HOMA index improved in both groups at 12 months (P<0.05). 

Dream Trial38  
 
Rosiglitazone 4 
mg once daily for 
the first 2 months 
and then 8 mg 
once daily 
 
vs 
 
placebo 
 
Patients were 
concurrently 
randomly 
assigned to 
receive either 
ramipril or 
matching placebo 
with a 2x2 
factorial design. 
Only the results 
relevant to 
rosiglitazone are 
presented in this 
review. 

MC, PRO, RCT  
 
Adults aged 30 years or more 
with impaired fasting glucose 
and/or impaired glucose 
tolerance and no previous 
cardiovascular disease 
 
People with a history of 
diabetes (except gestational 
diabetes), cardiovascular 
disease or intolerance to 
either angiotensin-converting 
enzyme inhibitors or 
thiazolidinediones were 
excluded. 
 
 

N=5,269 
 

Median 3 years 
(range 2.5-4.7 

years) 
 
 

Primary: 
Composite of 
incident diabetes 
or death 
 
Secondary: 
Regression to 
normoglycemia, 
composite of 
cardiovascular 
events (eg, MI, 
stroke, 
cardiovascular 
death, 
revascularization 
procedures and 
heart failure), 
individual 
components of 
the cardiovas-
cular composite, 
renal events and 
a composite 
cardiorenal 
outcome (results 
not reported), 
glucose 
concentrations 

Primary: 
The composite primary outcome was observed in 11.6% of individuals 
given rosiglitazone and 26.0% of individuals given placebo (HR, 0.40; 
95% CI, 0.35 to 0.46; P<0.0001). There was no difference in the number 
of deaths (HR, 0.91; 95% CI, 0.55 to 1.49; P=0.7). The frequency of 
diabetes was reported in significantly fewer patients receiving 
rosiglitazone than placebo (HR, 0.38; 95% CI, 0.33 to 0.44; P<0.0001).  
 
Secondary: 
Normoglycemia was reported in 1,330 (50.5%) of individuals in the 
rosiglitazone group and 798 (30.3%) of participants in the placebo group 
(HR, 1.71; 95% CI, 1.57 to 1.87; P<0001). 
 
The frequency of composite cardiovascular outcome was similar between 
rosiglitazone and placebo. The components of the composite were similar 
between the two groups with the exception of heart failure, which was 
reported in 14 (0.5%) participants in the rosiglitazone group and 2 (0.1%) 
in the placebo group (P=0.01).  
 
The median fasting plasma glucose concentration was 0.5 mmol/L lower 
in the rosiglitazone group than in the placebo group (P<0.0001); the 2-
hour plasma glucose concentration was 1.6 mmol/L lower with 
rosiglitazone than placebo (P<0.0001).  
 
 

Diabetes Trials: Thiazolidinedione vs Other Antidiabetic Agents 
Aljabri et al39 

 
Pioglitazone 30 
mg QD titrated to 
45 mg QD to 
achieve fasting 

OL, RCT 
 
Patients with type 2 diabetes 
poorly controlled (HbA1c 
>8%) with insulin 
secretagogues and metformin 

N=62 
 

16 weeks 

Primary: 
Effect on HbA1c, 
FPG, incidence 
of hypoglycemia 
(< 68 mg/dL), 
effect on 

Primary: 
Similar reductions in HbA1c were observed in pioglitazone-treated (–
1.9%) and NPH insulin-treated patients (–2.3%; P=0.32). 
 
Nonsignificant differences in reduction in FPG were observed with NPH 
insulin (–77 mg/dL) and pioglitazone (–52 mg/dL; P=0.07). 
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blood glucose 
<108 mg/dL  
 
vs 
 
neutral protamine 
Hagedorn (NPH) 
insulin 0.3 unit/kg 
QD at bedtime 
titrated to achieve 
fasting blood 
glucose <108 
mg/dL 
 

monotherapy, baseline HbA1c 
was 9.7% for pioglitazone 
and 10.1% for NPH 
 
Patients were excluded if 
they had prior use of a 
thiazolidinedione or insulin; 
NYHA class III-IV heart 
failure, MI or stroke in past 6 
months; liver disease; serum 
creatinine >2 mg/dL; 
proliferative retinopathy; 
excessive alcohol use; current 
glucocorticoid use; or 
pregnant or breast feeding.  

lipoproteins, 
quality of life 
(assessed using 
the Diabetes 
Treatment 
Satisfaction 
Questionnaire) 
 
Secondary: 
Not reported 
 

 
Significantly more patients reported hypoglycemia with NPH insulin (19) 
than with pioglitazone (11; P=0.02). 
 
Significant increases in HDL cholesterol were observed with 
pioglitazone (4 mg/dL) compared to NPH insulin (0 mg/dL; P=0.02). 
 
No significant differences in total cholesterol, LDL cholesterol and 
triglycerides were reported between the two treatment groups. 
 
No significant differences were noted for the Diabetes Treatment 
Satisfaction Questionnaire scores between the two treatment groups. 
 
Secondary: 
Not reported 

Bolen et al40 

(commissioned by 
AHRQ) 
 
α-glucosidase 
inhibitors 
 
vs 
 
biguanides 
 
vs 
 
meglitinides 
 
vs 
 
sulfonylureas, 
second generation 
 
vs 
 

MA of studies that assessed 
the benefits or harms of oral 
antidiabetic agents (search up 
to January 2006 for original 
articles and November 2005 
for systematic reviews, 
analysis did not include 
ADOPT or RECORD trials) 
 
Adults with type 2 diabetes 
treated with FDA-approved 
oral antidiabetic agents 
available in the United States, 
studies included 
monotherapy or combination 
therapy with 2 oral agents 
 
Studies were excluded that 
evaluated first generation 
sulfonylureas or 
combinations of 3 oral 
antidiabetic agents, 

216 controlled 
trials and cohort 

studies and 2 
systematic 

reviews 
 

Total N not 
specified, trials 

with N<40 
patients were 

excluded 
 

>3 months 

Primary: 
All-cause 
mortality, 
cardiovascular 
morbidity and 
mortality, 
microvascular 
outcomes 
 
Secondary: 
Effect on HbA1c, 
lipid profile, TG, 
body weight, 
blood pressure, 
adverse effects 

Primary: 
The authors found no definitive evidence about the comparative 
effectiveness of oral antidiabetic agents on all-cause mortality, 
cardiovascular mortality or morbidity, peripheral arterial disease, 
neuropathy, retinopathy, or nephropathy.  
 
Secondary: 
Metformin, second generation sulfonylureas and thiazolidinediones 
produced similar absolute reductions in HbA1c (approximately 1%) 
compared with one another as monotherapy. Repaglinide produced 
similar reductions in HbA1c when compared directly with sulfonylureas. 
Combination therapies were better at reducing HbA1c than was 
monotherapy by about 1% (absolute difference). Nateglinide and  
α-glucosidase inhibitors may have slightly weaker effects on the basis of 
indirect comparisons of placebo-controlled trials. 
 
Thiazolidinedione monotherapy and rosiglitazone plus metformin or a 
sulfonylurea increased LDL cholesterol levels (10-12 mg/dL) compared 
with metformin or second generation sulfonylurea monotherapy, which 
generally decreased LDL cholesterol levels. Rosiglitazone increased 
LDL cholesterol levels more than pioglitazone (about 10-15 mg/dL), 
according to indirect comparisons and a few head-to-head comparisons. 
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thiazolidinediones  conducted for less than 3 
months or had fewer than 40 
patients. 

Metformin decreased LDL cholesterol levels compared with second 
generation sulfonylureas (about 10 mg/dL). Metformin plus a 
sulfonylurea decreased LDL cholesterol levels compared with second 
generation sulfonylurea monotherapy (about 8 mg/dL). 
 
Pioglitazone increased HDL cholesterol levels more than rosiglitazone, 
according to indirect and a few direct comparisons (about 1-3 mg/dL). 
Pioglitazone increased HDL cholesterol levels compared with metformin 
or second generation sulfonylureas (about 3-5 mg/dL). The combination 
of rosiglitazone with metformin or a second generation sulfonylurea 
increased HDL cholesterol levels slightly more than metformin or second 
generation sulfonylureas alone (about 3 mg/dL). Acarbose, meglitinides, 
metformin, and second generation sulfonylureas had similarly minimal or 
no effect on HDL cholesterol levels. Combination therapy with 
metformin plus a second generation sulfonylurea did not differ in effect 
on HDL cholesterol levels from monotherapy with either of the 2 classes. 
 
Indirect comparisons and a few head-to-head comparisons showed that 
pioglitazone decreased TG levels (range 15-52 mg/dL) compared with 
rosiglitazone, which increased TG levels (range 6-13 mg/dL). 
Pioglitazone decreased TG levels more than metformin (about 26 
mg/dL), and decreases were similar compared with sulfonylureas. 
Metformin decreased TG levels more than second generation 
sulfonylureas and more than metformin plus rosiglitazone (about 10 
mg/dL). Metformin plus a second generation sulfonylurea decreased TG 
levels more than sulfonylurea monotherapy (about 30 mg/dL) and 
produced a statistically nonsignificant decrease in TG levels compared 
with metformin monotherapy. Second generation sulfonylureas had 
similar effects on TG levels compared with acarbose and repaglinide. 
 
Most agents other than metformin increased body weight by 1 to 5 kg. 
 
Metformin, sulfonylureas and thiazolidinediones had similarly minimal 
effects on systolic and diastolic blood pressure (<5 mm Hg). Too few 
studies compared meglitinides with oral diabetes medications other than 
sulfonylureas to permit firm conclusions.  
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Sulfonylureas and repaglinide were associated with greater risk for 
hypoglycemia, thiazolidinediones with greater risk for heart failure, and 
metformin with greater risk for gastrointestinal problems compared to 
other oral antidiabetic agents. Lactic acidosis was no more common in 
metformin recipients without comorbid conditions that in recipients of 
other oral antidiabetic agents. 

ADOPT41  
 
Rosiglitazone 4 
mg QD to 4 mg 
BID 
 
vs 
 
glyburide 2.5 mg 
QD to 7.5 mg BID  
 
vs 
 
metformin 500 
mg QD to 1 g BID 
 
 

DB, MC, RCT 
 
Patients 30-75 years of age 
recently diagnosed with type 
2 diabetes with a FPG 126-
180 mg/dL while their only 
treatment was lifestyle 
management 
 
 

N=4,360 
 

4.0 years 
(median) 

Primary: 
Time to 
monotherapy 
failure (defined 
as FPG >180 
mg/dL after an 
overnight fast on 
consecutive 
testing after at 
least 6 weeks of 
treatment at the 
maximum-
dictated or 
tolerated dose of 
study drug) 
 
Secondary: 
Effect on FPG, 
HbA1c, weight, 
insulin 
sensitivity, β-
cell function, 
adverse events 

Primary: 
The cumulative incidence of monotherapy failure at 5 years was 15% for 
rosiglitazone, 34% for glyburide and 21% with metformin. This 
represents a risk reduction of 63% for rosiglitazone as compared with 
glyburide, and 32% for rosiglitazone as compared with metformin 
(P<0.001 for both comparisons).  
 
Secondary: 
The rate of progression to a confirmed FPG >140 mg/dL was 
significantly lower with rosiglitazone than glyburide (RR, 62%; 95% CI, 
51 to 72; P<0.001) or metformin (RR, 36%; 95% CI, 15 to 52; P=0.002). 
 
At the 4-year evaluation, 40% of the patients in the rosiglitazone group 
had an HbA1c <7%, as compared with 26% for glyburide (P<0.001) and 
36% for metformin (P=0.03).  
 
Rosiglitazone was associated with more weight gain and edema than 
either metformin or glyburide but with fewer gastrointestinal events than 
metformin and with less hypoglycemia than glyburide (P<0.001 for all 
comparisons).  
 
During the first 6 months, insulin sensitivity increased more in the 
rosiglitazone group than in the metformin group. Thereafter, insulin 
sensitivity improved at similar rates in the two groups, with a significant 
difference between the 2 groups noted at 4 years (P<0.001). Insulin 
sensitivity did not change significantly in the glyburide group. 
 
During the first 6 months, levels of β-cell function increased more with 
glyburide than rosiglitazone or metformin (P values not reported). 
Thereafter, levels of β-cell function declined in all 3 groups. The annual 
rate of decline after 6 months was 6.1% for glyburide (P<0.001), 3.1% 



 
 

353 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

for metformin (P=0.02) and 2.0% for rosiglitazone.  
 
The number of deaths from all causes was similar in the three groups; 
however, adverse events differed among the groups. 
 
Glyburide was associated with a lower risk of cardiovascular events (MI, 
CHF and stroke) than was rosiglitazone (P<0.05), and the risk associated 
with metformin was similar to that with rosiglitazone. There was no 
significant difference in the risk for CHF with rosiglitazone compared to 
metformin (HR, 1.22; 95% CI, 0.66 to 2.26; P=0.52), but the risk was 
significantly higher with rosiglitazone than glyburide (HR, 2.20; 95% CI, 
1.01 to 4.79; P=0.05). 
 
While there was no significant difference noted in men, significantly 
more women who received rosiglitazone (9.30%) than glyburide (3.47%) 
or metformin (5.08%) experienced fractures (both P<0.01).  

RECORD42  
 
Rosiglitazone 4 
mg QD to 4 mg 
BID 
 
vs 
 
metformin or 
sulfonylurea 
(glyburide, 
gliclazide*, or 
glimepiride) 
 
After a 4-week 
run-in period, 
patients who were 
already taking 
metformin were 
randomly 
assigned to 

MC, OL, PG, RCT 
 
Patients with type 2 diabetes 
between the ages of 40 and 
75 years, BMI >25.0 kg/m2, 
HbA1c 7.1% to 9.0% on 
maximum permitted or 
tolerated doses of metformin 
or a sulfonylurea 
 
Exclusion criteria were the 
current use of other glucose-
lowering agents, 
hospitalization for a major 
cardiovascular event in the 
previous 3 months, a planned 
cardiovascular intervention, 
heart failure, clinically 
significant hepatic disease, 
renal impairment, and 
uncontrolled hypertension.  

N=1,122 (first 
participants 

randomized in 
the RECORD 

trial, 524 already 
on metformin 

and 598 already 
on a 

sulfonylurea) 
 

18 months 

Primary: 
Change in 
HbA1c from 
baseline  
 
Secondary: 
Effect on FPG, 
serum lipids, 
HOMA basal 
insulin 
sensitivity and 
islet β-cell 
function 
(HOMA %β) by 
the equation 
method, body 
weight, 
inflammatory/ 
thrombotic 
markers, C-
reactive protein 

Primary: 
At 18 months, HbA1c reduction on background metformin was similar 
with rosiglitazone and sulfonylurea (difference 0.07%; 95% CI, –0.09 to 
0.23; P=NS), as was the change when rosiglitazone or metformin was 
added to sulfonylurea (difference 0.06%; 95% CI, –0.09 to 0.20; P=NS).  
 
Secondary: 
Differences in FPG were not statistically significant at 18 months 
(rosiglitazone vs sulfonylurea –0.36 mmol/L; P=0.062 and rosiglitazone 
vs metformin –0.34 mmol/L; P=0.089).  
 
Rosiglitazone increased total cholesterol (P<0.001) and LDL cholesterol 
(P=0.000) and reduced nonesterified fatty acids (P=0.000) at 18 months 
compared with the control groups. An increase in HDL cholesterol and 
triglycerides was observed with rosiglitazone compared with 
sulfonylurea (0.08 vs 0.02 mmol/L; P=0.001; 0.40 vs 0.15 mmol/L; 
P=0.016, respectively), but not with metformin (both P=NS). 
 
HOMA-estimated basal insulin sensitivity was substantially increased in 
the rosiglitazone groups compared with the respective controls (both 
P<0.001). Both rosiglitazone and sulfonylurea when added to metformin 
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receive rosiglit-
azone or a 
sulfonylurea; 
patients who were 
already taking a 
sulfonylurea were 
randomly 
assigned to 
receive rosiglit-
azone or 
metformin.  
 

increased HOMA %β, but this increase was greater with the sulfonylurea 
(P<0.001). Rosiglitazone or metformin added to background 
sulfonylurea also increased HOMA %β, and to a similar extent (P=NS).  
 
Rosiglitazone was associated with a significant increase in body weight 
compared to metformin (P<0.001) and a sulfonylurea (P=0.003). 
 
At 18 months, plasminogen activator inhibitor-1 antigen decreased from 
baseline with rosiglitazone, with a significant difference compared to 
sulfonylureas (–5.7% vs 7.0%; P=0.047); rosiglitazone and metformin 
did not differ (P=NS). 
 
In both rosiglitazone groups, there were statistically significant 
reductions in C-reactive protein compared with a sulfonylurea (P<0.001) 
and metformin (P=0.001). 

*Not available in the United States 
†Estimates approximate values since results were displayed in bar graph and precise values were not reported 
‡Synonym for glyburide 
Drug regimen abbreviations: BID=twice daily, QD=once daily 
Study abbreviations: AHRQ=Agency for Healthcare Research and Quality, CI=confidence interval, DB=double-blind, HR=hazard ratio, MA=meta-analysis, MC=multicenter, OL=open-label, OR=odds 
ratio, PC=placebo-controlled, PG=parallel-group, PRO=prospective, RCT=randomized controlled trial, RETRO=retrospective, RR=relative risk 
Miscellaneous abbreviations: ACS=acute coronary syndrome, ADOPT=A Diabetes Outcomes Progression Trial, BMI=body mass index, CAD=coronary artery disease, CHF=congestive heart failure, 
DREAM= Diabetes REduction Assessment with ramipril and rosiglitazone Medication, FPG=fasting plasma glucose, FPI=fasting plasma insulin, HbA1c=glycosylated hemoglobin A1c, HDL=high-
density lipoprotein, HOMA=homeostasis model assessment, LDL=low-density lipoprotein, MI=myocardial infarction, NYHA=New York Heart Association, PPG=postprandial glucose, 
PPI=postprandial insulin, PROactive=PROspective pioglitAzone Clinical Trial In macroVascular Events, RECORD= Rosiglitazone Evaluated for Cardiovascular Outcomes and Regulation of glycemia 
in Diabetes, TC=total cholesterol, TG=triglycerides
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Additional Evidence 
 
Dose Simplification  
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 
Stable Therapy  
Berhanu et el evaluated changes in lipid profiles in 305 patients with type 2 diabetes and dyslipidemia after 
treatment conversion from rosiglitazone to pioglitazone with continuation of statin (hydroxymethylglutaryl-
coenzyme A reductase inhibitor) and other lipid-lowering therapies.43 At 17 weeks after treatment conversion, 
patients had significant reductions in triglycerides (–15.2%; P<0.0001), total cholesterol (–9.0%; P<0.0001), and 
low-density lipoprotein (LDL) particle concentration (–189 nmol/L; P<0.0001) without significant changes in 
HbA1c (0.02%; P value not reported). LDL cholesterol (+2.2%; P value not reported), high-density lipoprotein 
cholesterol (+1.8%; P<0.05), and LDL particle diameter (+0.23 nm; P<0.0001) increased. The authors concluded 
that patients with type 2 diabetes on stable statin therapy had marked improvements in lipid profiles along with 
stable glycemic control after treatment conversion from rosiglitazone to pioglitazone.  
 
Impact on Physician Visits 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 

IX. Cost 
 

A “relative cost index” is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For branded products with little 
or no recent utilization data, the average cost per prescription is calculated by the average wholesale price (AWP) 
and the standard daily dosing per product labeling. For generic products with little or no recent utilization data, the 
average cost per prescription is calculated by the Alabama Medicaid maximum allowable cost (MAC) and the 
standard daily dosage per product labeling. Please note that the relative cost index does not factor in additional 
cost offsets available to the Alabama Medicaid program via pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 

 
Relative Cost Index Scale  
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 
Rx=prescription 

 
Table 11.  Relative Cost of the Single Entity Thiazolidinediones 

Generic Name Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 
pioglitazone tablet Actos® $$$$ N/A 
rosiglitazone tablet Avandia® $$$$ N/A 
No generic products are available in this class.  
N/A=not available. 

 
X. Conclusions   

 
Both pioglitazone and rosiglitazone are FDA approved for use as monotherapy and in combination with other 
antidiabetic agents to improve glycemic control in type 2 diabetes.4-5 Several national and international 
organizations, including the ADA and EASD, recommend metformin as the first-line therapeutic agent with 
thiazolidinediones and sulfonylureas as second-line or add-on therapy for the management of type 2 diabetes.13-

15,18-20 The recommendations by the ACE and AACE differ and include a thiazolidinedione (as well as metformin, 
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an α-glucosidase inhibitor, or dipeptidyl peptidase-4 [DPP-4] inhibitor) as a preferred intervention to achieve 
glycemic goals in treatment naïve patients with an HbA1c of 6%-7%.14 Thiazolidinediones are also listed among 
the treatment options, which include metformin and sulfonylureas, for combination therapy based upon HbA1c 
levels in treatment naïve patients as well as those already receiving antidiabetic agents. At this time, the national 
and international guidelines do not give preference to one thiazolidinedione versus the other; however, the 
ACE/AACE 2007 guideline cites the report by Nissen et al26 of a possible link of rosiglitazone to cardiovascular 
events “that requires further evaluation”.17 A recent update to the ADA/EASD consensus guidelines lists “potential 
increase myocardial infarction” and atherogenic lipid profile as disadvantages of rosiglitazone with improved lipid 
profile and “potential decrease myocardial infarction” as advantages of pioglitazone. The update also recommends 
greater caution in selecting the thiazolidinediones, especially in patients at risk of, or with, congestive heart failure. 
 
Both pioglitazone and rosiglitazone have demonstrated efficacy in improving glycemic control in type 2 diabetics 
and head-to-head studies have shown similar improvements in HbA1c.33-37,40 Pioglitazone has shown more 
favorable effects on lipoproteins, particularly HDL and triglycerides, but both agents caused an increase in LDL 
cholesterol. Both pioglitazone and rosiglitazone have been associated with an increased risk of congestive heart 
failure and carry a black box warning regarding this adverse event.4,5 A new black box warning has been added to 
the product labeling of rosiglitazone due to reports of a potential link to myocardial ischemic events.5 At this time, 
pioglitazone has not been associated with an increased risk of myocardial infarction and/or cardiovascular-related 
deaths. In a placebo-controlled trial conducted in over 5,000 patients, pioglitazone was found to be no different 
from placebo in the primary composite endpoint, but fewer patients on pioglitazone reached the main secondary 
endpoint, which included time to death from all causes, myocardial infarction and stroke.10 A meta-analysis of 19 
trials encompassing over 16,000 patients also reported that the composite of death from any cause, myocardial 
infarction or stroke was lower with pioglitazone than placebo or an active comparator.11 Due to the absence of 
long-term head-to-head comparisons, firm conclusions about the risk differences between these 2 agents cannot be 
made.  
 
A systematic review commissioned by the Agency for Healthcare Research and Quality found no definitive 
evidence about the comparative effectiveness of oral antidiabetic agents on all-cause mortality, cardiovascular 
mortality or morbidity, peripheral arterial disease, neuropathy, retinopathy, or nephropathy.40 Monotherapy with 
thiazolidinediones produced similar reductions in HbA1c (approximately 1%) compared to metformin and second 
generation sulfonylureas. Thiazolidinediones were the only class that had a beneficial effect on HDL cholesterol 
levels but a harmful effect on LDL cholesterol levels compared with other oral agents. According to indirect and 
head-to-head comparisons, rosiglitazone increased LDL cholesterol levels more than pioglitazone and pioglitazone 
increased HDL cholesterol levels more than rosiglitazone. With the exception of metformin, most agents increased 
body weight by 1 to 5 kg. Thiazolidinediones were associated with greater risk for heart failure while metformin 
was associated with greater risk for gastrointestinal problems and sulfonylureas and repaglinide for hypoglycemia.  
 
Therefore, based on the current evidence all brand products within the class reviewed are comparable to each other 
and to the generics and over-the-counter products in this class and offer no significant clinical advantage over 
other alternatives in general use. Thiazolidinediones are beneficial to patients when other first-line agents are not 
tolerated, are contraindicated or do not provide adequate glycemic control. 
 

XI. Recommendations 
  

No brand single entity thiazolidinedione is recommended for preferred status. Alabama Medicaid should accept 
cost proposals from manufacturers to determine cost effective products and possibly designate one or more 
preferred brands.  
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Alabama Medicaid Agency 
Pharmacy and Therapeutics Committee Meeting 
Pharmacotherapy Review of Thiazolidinediones 

Combination Products 
AHFS Class 682028 
February 20, 2008 

 
 

I. Overview   
 
Combination thiazolidinedione products combine two antidiabetic agents with different mechanisms of actions 
into one formulation to improve glycemic control in type 2 diabetic patients. Currently, there are four products 
available with pioglitazone and rosiglitazone paired with either glimepiride or metformin. There are no generic 
formulations available for the thiazolidinediones; however, glimepiride and metformin are both available 
generically.  
  
Thiazolidinediones are selective agonists of the peroxisome proliferator-activated receptorγ (PPARγ).1-3 PPARγ is 
found in adipose tissue, pancreatic β cells, vascular endothelium and macrophages. When activated, PPARγ 
regulates the transcription of insulin-responsive genes responsible for glucose production, transportation and 
utilization. PPARγ also plays a role in the regulation of fatty acid metabolism. Glycemic control is improved by 
increasing insulin sensitivity in the periphery and decreasing glucose output in the liver.1-7 Thiazolidinediones do 
not stimulate insulin secretion and depend on the presence of insulin (endogenous or exogenous) for their efficacy 
in controlling blood glucose.1-7 Both pioglitazone and rosiglitazone are associated with an increased risk of 
congestive heart failure and carry a black box warning regarding this adverse event. Rosiglitazone also carries a 
black box warning regarding potential risks of myocardial ischemia.8 At this time, pioglitazone has not been 
associated with an increased risk of myocardial infarction and/or cardiovascular-related deaths. In a placebo-
controlled trial conducted in over 5,000 patients, pioglitazone was found to be no different from placebo in the 
primary composite endpoint, but fewer patients on pioglitazone reached the main secondary endpoint, which 
included time to death from all causes, myocardial infarction and stroke.9 A meta-analysis of 19 trials 
encompassing over 16,000 patients also reported that the composite of death from any cause, myocardial infarction 
or stroke was lower with pioglitazone than placebo or an active comparator.10  
 
Metformin is a biguanide which improves glycemic control by decreasing endogenous hepatic glucose production, 
decreases intestinal absorption of glucose and increases peripheral uptake and utilization of glucose.4,7 Metformin 
alone does not cause hypoglycemia. Metformin is associated with lactic acidosis, a rare but serious metabolic 
complication, and carries a black box warning regarding this adverse event. 
 
Glimepiride is a sulfonylurea that improves glycemic control by stimulating the release of insulin from pancreatic 
β cells.5-6 While not a black box warning, glimepiride carries a special warning regarding an increased risk of 
cardiovascular mortality as compared to treatment with diet alone or diet plus insulin.  
 
Table 1 lists all combination thiazolidinediones included in this review. This review encompasses all dosage forms 
and strengths. 

 
Table 1. Combination Thiazolidinediones Included in this Review 

Generic Name Formulation(s) Example Brand Name(s) Current PDL 
Agent(s) 

pioglitazone and glimepiride tablet Duetact® none 
pioglitazone and metformin tablet Actoplus Met® Actoplus Met® 
rosiglitazone and 
glimepiride 

tablet Avandaryl® Avandaryl® 

rosiglitazone and metformin tablet Avandamet® Avandamet® 
  



 
 

361 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

II.  Evidence-Based Medicine and Current Treatment Guidelines  
 
Table 2 summarizes the current treatment guidelines for the combination thiazolidinediones. For a more 
comprehensive overview of the treatment of diabetes mellitus, please refer to the Appendix.  
 

Table 2.  Treatment Guidelines Using the Combination Thiazolidinediones 
Clinical Guideline Recommendation(s) 

American Diabetes Association 
(ADA):  
Standards of Medical Care in 
Diabetes—200811 

Prevention of Type 2 Diabetes 
• Metformin should be the only drug considered for use in diabetes prevention. For other 

drugs, issues of side effects and lack of persistence of effect in some studies led the 
panel to not recommend their use for diabetes prevention. 

• In addition to lifestyle counseling, metformin may be considered in those who are at 
very high risk and who are obese and under 60 years of age. 

 
Treatment of Type 2 Diabetes 
• Please see the following guideline (2006) and consensus statement update (2008) by 

the American Diabetes Association (ADA)/European Association for the Study of 
Diabetes (EASD).  

• The consensus algorithm (2006) was developed before the black box warnings about 
congestive heart failure for both pioglitazone and rosiglitazone were added and before 
publications raised concerns about increased risk of myocardial infarction with use of 
rosiglitazone. “This new information may prompt greater caution in using the 
thiazolidinediones.”  

American Diabetes Association 
(ADA)/European Association 
for the Study of Diabetes 
(EASD): 
Management of 
Hyperglycemia in Type 2 
Diabetes: A Consensus 
Algorithm for the Initiation 
and Adjustment of Therapy 
(2006)12 

• There is insufficient data to support recommending one class of agents or a 
combination of medications over others with regards to effects on complications. 

• Metformin, along with lifestyle intervention, should be the initial pharmacologic 
therapy in the absence of specific contraindications, when lifestyle intervention fails to 
achieve or maintain metabolic goals. 

• If lifestyle intervention and maximally tolerated doses of metformin fail to achieve 
glycemic goals, another medication should be added within 2-3 months of therapy 
initiation or whenever glycosylated hemoglobin A1c (HbA1c) goal is not achieved. 
Second-line pharmacologic therapies may include a thiazolidinedione, sulfonylurea, or 
insulin. 

• When more than one antihyperglycemic medication is used, the synergy of particular 
combinations and other interactions should be considered. Insulin in combination with 
metformin or a thiazolidinedione is particularly effective in lowering HbA1c.  

• The combination of a thiazolidinedione and metformin has modest additive effects in 
lowering HbA1c (by 0.3%-0.8%). 

American Diabetes Association 
(ADA)/European Association 
for the Study of Diabetes 
(EASD):  
Management of 
Hyperglycemia in Type 2 
Diabetes Mellitus: A 
Consensus Algorithm for the 
Initiation and Adjustment of 
Therapy: Update Regarding 
the Thiazolidinediones 
(2008)13 

• Thiazolidinediones along with sulfonylureas and insulin remain the recommended 
treatment options that should be added to metformin and lifestyle modifications if 
target HbA1c levels are not achieved. However, greater caution should be exercised 
prior to selecting a thiazolidinedione, especially in patients at risk of, or with, 
congestive heart failure.  

• “The current decision not to remove either or both of the thiazolidinediones from the 
algorithm represents a balance between the preservation of options to treat a 
challenging and progressive serious disease and the recent unfavorable evidence.” 

• Potential disadvantages of thiazolidinediones include fluid retention, twofold increased 
risk of congestive heart failure and weight gain. 

• Rosiglitazone may potentially increase the risk of myocardial infarction and has an 
atherogenic lipid profile. Pioglitazone may potentially decrease the risk of myocardial 
infarction and has an improved lipid profile.  

American Association of 
Clinical Endocrinologists 
(AACE):  
Medical Guidelines for 

Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, initiate monotherapy with metformin, 

thiazolidinediones, secretagogues (sulfonylureas or meglitinides), dipeptidyl peptidase-
4 (DPP-4) inhibitors, or α-glucosidase inhibitors. 
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Clinical Guideline Recommendation(s) 
Clinical Practice for the 
Management of Diabetes 
Mellitus (2007)14 

• In patients with an HbA1c of 7%-8%, initiate combination therapy. Regimens may 
include a thiazolidinedione combined with a secretagogue (concurrent therapy or fixed-
dose regimens), metformin (concurrent therapy or fixed-dose regimens), a DPP-4 
inhibitor, or a secretagogue plus metformin. 

• In patients with an HbA1c of 8%-10%, initiate/intensify combination therapy to address 
fasting and postprandial glucose levels. 

 
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• The combination therapies listed for patients naïve to therapy are appropriate for 

patients being treated pharmacologically.  
• Additionally, exenatide may be combined with approved oral therapies, including 

thiazolidinediones, in patients who have not achieved glycemic goals.  
American College of 
Endocrinologists 
(ACE)/American Association 
of Clinical Endocrinologists 
(AACE), Diabetes Road Map 
Task Force:  
Road Maps to Achieve 
Glycemic Control in Type 2 
Diabetes (2007)15 

Prevention of Type 2 Diabetes 
• Thiazolidinediones are listed as treatment options for the prevention of type 2 diabetes; 

although, they are not approved by the Food and Drug Administration for this use. 
 
Treatment of Type 2 Diabetic Patients Naïve to Pharmacologic Therapy 
• In patients with an HbA1c of 6%-7%, the following are preferred as initial therapy: 

metformin, thiazolidinediones, α-glucosidase inhibitors or dipeptidyl peptidase-4 
(DPP-4) inhibitors. (Note: the road map cites a recent report that suggests a possible 
link of rosiglitazone to cardiovascular events that requires further evaluation.) 

• In patients with an HbA1c of 7%-8%, thiazolidinediones may be combined with 
metformin, a meglitinide, an α-glucosidase inhibitor, a sulfonylurea or a DPP-4 
inhibitor to achieve glycemic goals. Two or more agents may be required. 

• In patients with an HbA1c of 8%-9%, thiazolidinediones may be combined with 
metformin, a sulfonylurea, a meglitinide, a DPP-4 inhibitor, a basal insulin analog, a 
prandial insulin, premixed insulin preparations, NPH insulin or other approved 
combinations to achieve glycemic goals. 

• In patients with an HbA1c of 9%-10%, thiazolidinediones may be combined with 
metformin, a sulfonylurea, a meglitinide, a basal insulin analog, a prandial insulin, 
premixed insulin preparations, NPH insulin or other approved combinations to achieve 
glycemic goals. 

  
Treatment of Type 2 Diabetic Patients Currently Treated Pharmacologically 
• In patients with an HbA1c of 6.5%-8.5%, a thiazolidinedione may be added to 

metformin, a sulfonylurea, a DPP-4 inhibitor, an incretin mimetic (with or without 
metformin) or insulin to achieve glycemic goals. 

International Diabetes 
Federation (IDF) Clinical 
Guidelines Task Force:  
Global Guideline for Type 2 
Diabetes (2005)16 

• Thiazolidinediones may be added to metformin as an alternative to sulfonylureas, 
added to a sulfonylurea when metformin is contraindicated, or added to the 
combination of metformin and sulfonylurea. 

Institute for Clinical Systems 
Improvement (ICSI):  
Healthcare Guideline: 
Management of Type 2 
Diabetes Mellitus (2006)17 

• Metformin is the preferred agent if not contraindicated.  
• Sulfonylureas and thiazolidinediones are acceptable secondary choices. 
• Combination therapy with oral agents may be required to achieve goals. 

National Institute for Health 
and Clinical Excellence 
(NICE): 
Clinical Guidelines for Type 
2 Diabetes: Management of 
Blood Glucose (2002)18 

• Thiazolidinediones may be considered as combination therapy in patients unable to 
take metformin and insulin secretagogue (sulfonylurea or meglitinide) combination 
therapy or when HbA1c control is unsatisfactory with metformin and insulin 
secretagogue combination therapy. 
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III. Indications  
 
Table 3 lists the Food and Drug Administration (FDA)-approved indications for the combination 
thiazolidinediones. While agents within this therapeutic class may have demonstrated positive activity via in vitro 
trials, the clinical significance of this activity remains unknown until fully demonstrated in well-controlled, peer-
reviewed in vivo clinical trials. As such, this review and the recommendations provided are based exclusively 
upon the results of such clinical trials. 

 
Table 3.  FDA-Approved Indications for the Combination Thiazolidinediones4-7 

Indication Pioglitazone 
and 

Glimepiride 

Pioglitazone 
and 

Metformin 

Rosiglitazone 
and 

Glimepiride 

Rosiglitazone 
and 

Metformin 
Indicated as an adjunct to diet and exercise as a once-
daily combination therapy to improve glycemic control 
in patients with type 2 diabetes who are already treated 
with a combination of pioglitazone and a sulfonylurea or 
whose diabetes is not adequately controlled with a 
sulfonylurea alone, or for those patients who have 
initially responded to pioglitazone alone and require 
additional glycemic control 

a    

Indicated as an adjunct to diet and exercise to improve 
glycemic control in patients with type 2 diabetes who are 
already treated with a combination of pioglitazone and 
metformin or whose diabetes is not adequately 
controlled with metformin alone, or for those patients 
who have initially responded to pioglitazone alone and 
require additional glycemic control 

 a   

Indicated as an adjunct to diet and exercise to improve 
glycemic control in patients with type 2 diabetes when 
treatment with dual rosiglitazone and glimepiride 
therapy is appropriate  

  a  

Indicated as an adjunct to diet and exercise to improve 
glycemic control in patients with type 2 diabetes 
mellitus when treatment with dual rosiglitazone and 
metformin therapy is appropriate 

   a 

 
IV. Pharmacokinetics  
 

Table 4 includes the pharmacokinetic properties for the combination thiazolidinediones. 
 

Table 4.  Pharmacokinetic Parameters of the Combination Thiazolidinediones1-7 

Drug Systemic  
Bio-

availability 

Protein 
Binding 

Main Metabolizing Enzyme(s) Half-Life 
(hours) 

Active 
Metabolite(s) 

Glimepiride 100% >99% Cytochrome P450 2C9 5-9.2 Yes; MI 
Metformin 50%-60% Negligible Does not undergo hepatic 

metabolism 
6.2-17.6  

 
None 

Pioglitazone Not reported >99% Cytochrome P450 2C8, 3A4 and 
1A1 

3-7 (pioglitazone); 16-
24 (total pioglitazone) 

Yes; MII, MIII 
and MIV  

Rosiglitazone 99% 99.8% Cytochrome P450 2C8 and 2C9 3-4 None 
 

Pioglitazone and metformin: 
Actoplus Met® 15 mg/500 mg and 15 mg/850 mg were bioequivalent to pioglitazone 15 mg and metformin 500 
and 850 mg, respectively, administered concomitantly under fasting conditions.4 
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Pioglitazone and glimepiride: 
Duetact® 30 mg/2 mg and 30 mg/4 mg were bioequivalent to pioglitazone 30 mg and glimepiride 2 mg and 4 mg, 
respectively, administered concomitantly under fasting conditions.5 
 
Rosiglitazone and glimepiride: 
The rosiglitazone component in Avandaryl® 4 mg/4 mg was shown to be bioequivalent to rosiglitazone 4 mg when 
coadministered with glimepiride without food.6 The peak serum concentration for glimepiride was 13% lower with 
the combination tablet compared to concomitant administration with rosiglitazone; however, the areas under the 
curve for glimepiride were equivalent. When taken with food, the rate and extent of absorption of rosiglitazone 
and glimepiride in the combination tablet were equivalent to those obtained by concomitant administration of the 
individual components.6   
 
Rosiglitazone and metformin: 
In bioequivalence studies, Avandamet® 4 mg/500 mg was shown to be bioequivalent to 4 mg of rosiglitazone and 
500 mg of metformin administered separately under fasted conditions.7 

 
V. Drug Interactions  

 
Table 5 includes the clinically significant drug-drug interactions associated with the combination 
thiazolidinediones. 
 

Table 5.  Significant Drug-Drug Interactions for the Combination Thiazolidinediones2 

Drug Significance 
Level 

Interaction Mechanism 

Metformin 1 Iodinated contrast 
materials, 
parenteral 

Iodinated contrast materials-induced renal failure can interfere with 
the renal elimination of metformin; therefore, there is an increased 
risk of metformin-induced lactic acidosis. 

Sulfonylureas 1 Bosentan Bosentan may increase the metabolism (CYP2C9 and CYP3A4) of 
glyburide. Other mechanisms may also be involved. Plasma levels 
of bosentan and glyburide may be decreased. Increased risk of 
elevated liver enzymes, resulting in serious liver injury may occur. 

Pioglitazone, 
rosiglitazone 

2 Gemfibrozil Gemfibrozil may inhibit the metabolism of thiazolidinediones and 
cause increases in plasma concentrations. There is an increased risk 
of hypoglycemia and other adverse effects. Reduce the dose of the 
thiazolidinedione and monitor blood glucose closely if 
coadministration is necessary.  

Pioglitazone, 
rosiglitazone 

2 Rifamycins Rifamycins may increase the metabolism of the thiazolidinediones, 
reducing their plasma concentrations and half-lives, resulting in 
decreased glycemic control. Monitor blood glucose closely when 
initiating and terminating rifamycin therapy. 

Sulfonylureas 2 Angiotensin- 
converting enzyme 
(ACE) inhibitors 

ACE inhibitors may temporarily increase insulin sensitivity. When 
initiating ACE inhibitors in patients receiving sulfonylureas, 
carefully observe for symptoms of hypoglycemia. 

Sulfonylureas 2 Charcoal Charcoal reduces the gastrointestinal absorption of ingested drugs 
and adsorbs enterohepatically circulated drugs.  

Sulfonylureas 2 Chloramphenicol Chloramphenicol may reduce hepatic clearance of certain 
sulfonylureas and cause an increased hypoglycemic response. 
Monitor for hypoglycemia and blood glucose concentrations and 
adjust sulfonylurea doses as needed.  

Sulfonylureas 2 Clofibrate Clofibrate may cause an increased hypoglycemic response to 
certain sulfonylureas through an unknown mechanism. Monitor for 
hypoglycemia and blood glucose concentrations and adjust 
sulfonylurea doses accordingly. 
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Drug Significance 
Level 

Interaction Mechanism 

Sulfonylureas 2 Diazoxide Diazoxide may decrease endogenous insulin release and cause 
increases in glucose and free fatty acids resulting in a decrease in 
glycemic control in patients stabilized on a sulfonylurea. Monitor 
blood glucose concentrations and adjust doses of each medication 
accordingly. 

Sulfonylureas 2 Fluconazole Fluconazole may inhibit the metabolism of certain sulfonylureas 
(including glimepiride), increasing the hypoglycemic effects. 
Monitor blood glucose concentrations when coadministered. 

Sulfonylureas 2 Monoamine 
oxidase inhibitors 
(MAOIs) 

MAOIs may enhance the hypoglycemic action of sulfonylureas 
through an unknown mechanism. Monitor blood glucose 
concentrations and adjust the doses of the sulfonylurea accordingly. 

Sulfonylureas 2 Rifamycins Rifamycins may decrease the half-life and increase the clearance of 
certain sulfonylureas through increased metabolism. The dose of 
the sulfonylurea may need to be increased.  

Sulfonylureas 2 Salicylates Salicylates can reduce plasma glucose levels and enhance insulin 
secretion, adding to the hypoglycemic effects of sulfonylureas. 
Monitor blood glucose concentrations and adjust the doses of the 
sulfonylurea accordingly. 

Sulfonylureas 2 Sulfonamides Sulfonamides may impair the metabolism of certain sulfonylureas 
and enhance the hypoglycemic effects of sulfonylureas. Monitor 
blood glucose concentrations and adjust the doses of the 
sulfonylurea accordingly. Glyburide may be a noninteracting 
alternative.  

Sulfonylureas 2 Thiazide diuretics Thiazide diuretics may increase fasting blood glucose levels 
resulting in decreased glycemic control. Dose increases of the 
sulfonylurea may be required to maintain glycemic control. 

Significance Level 1=major severity 
Significance Level 2=moderate severity   
 
VI. Adverse Drug Events 

 
Common adverse reactions for the combination thiazolidinediones are summarized in Table 6. The black box 
warning for thiazolidinediones and congestive heart failure is noted in Table 7. Initiation of pioglitazone or 
rosiglitazone in patients with established New York Heart Association (NYHA) Class III or IV is contraindicated.  
 
In May 2007, the FDA issued an alert informing healthcare professionals of a potential safety concern related to 
rosiglitazone.21 Safety data from a pooled analysis of controlled clinical trials noted a significant increased risk of 
myocardial infarction and cardiovascular-related deaths in patients taking rosiglitazone; however, other published 
and unpublished data from long-term clinical trials provided contradictory evidence. In July 2007, the 
Endocrinologic and Metabolic Drugs Advisory Committee and the Drug Safety and Risk Management Advisory 
Committee of the FDA met and discussed the cardiovascular ischemic and thrombotic risks of thiazolidinediones, 
with a focus on rosiglitazone. While committee members voted that rosiglitazone was associated with an increased 
cardiovascular risk (20=yes, 3=no), the committee determined that rosiglitazone could remain on the market with a 
black box warning regarding its cardiovascular risk (22=yes, 1=no).22 The black box warning for rosiglitazone and 
myocardial ischemia can be found in Table 8.8 At this time, pioglitazone has not been associated with an increased 
risk of myocardial infarction and/or cardiovascular-related deaths. One study conducted in over 5,000 patients 
reported that pioglitazone was associated with a decreased risk of the composite of all-cause mortality, myocardial 
infarction and stroke (the main secondary endpoint of the study).9 A meta-analysis of 19 trials encompassing over 
16,000 patients also reported that the composite of death from any cause, myocardial infarction or stroke was 
lower with pioglitazone than placebo or an active comparator.10  
 
Glimepiride, the sulfonylurea component of the thiazolidinedione combination products, carries a special warning 
(not a black boxed warning) for an increased risk of cardiovascular mortality.5-6 This warning was based on a 
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study where patients treated with a fixed dose of tolbutamide 1.5 gm daily for 5-8 years had a rate of 
cardiovascular mortality approximately 2.5 times that of patients treated with diet alone.  
 
All metformin preparations marketed in the United States bear a boxed warning mandated by the FDA regarding 
the risk of lactic acidosis, a rare but serious adverse event. This boxed warning is reproduced in Table 9. Products 
containing metformin are contraindicated in patients with renal disease or renal dysfunction and metabolic 
acidosis.4,7 Metformin products should be temporarily discontinued in patients undergoing radiologic studies 
involving intravascular administration of iodinated contrast materials since use of these products may alter renal 
function. All of the thiazolidinedione combination products are contraindicated in patients with diabetic 
ketoacidosis, with or without coma, and this condition should be managed with insulin.4-7  
 

Table 6.  Adverse Reactions (%) Reported with Combination Thiazolidinediones3-7,19-20  

Adverse Event Glimepiride Metformin Pioglitazone Rosiglitazone 
Cardiovascular 
Angina - - - a 
Congestive heart failure - - a a 
Myocardial infarction - - - a 
Myocardial ischemia - - - a 
Central Nervous System 
Dizziness 2 - - - 
Headache 2 6 7-9 6 
Dermatological 
Allergic skin reactions <1 - - - 
Erythema <1 - - - 
Morbiliform or maculopapular eruptions <1 - - - 
Photosensitivity reactions a - - - 
Porphyria cutanea tarda a - - - 
Pruritus <1 - - rare 
Rash <1 - - rare 
Stevens Johnson syndrome - - - rare 
Urticaria <1 - - rare 
Vasculitis a - - - 
Endocrine and Metabolic 
Aggravated diabetes mellitus - - 5 - 
Cobolamin deficiency - a - - 
Disulfiram-like reaction a - - - 
Edema - - 5-15 5-15 
Hepatic porphyria reaction a - - - 
Hyperglycemia - - - 4 
Hypoglycemia 1-2 a a 1 
Hyponatremia a - - - 
Lactic acidosis - rare - - 
Syndrome of inappropriate antidiuretic hormone secretion a - - - 
Weight gain - - a a 
Gastrointestinal 
Abdominal discomfort - 6 - - 
Diarrhea <1 53 - 2 
Flatulence - 12 - - 
Gastrointestinal pain <1 - - - 
Indigestion - 7 - - 
Nausea/vomiting 1 26 - - 
Tooth disorder - - 5 - 
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Adverse Event Glimepiride Metformin Pioglitazone Rosiglitazone 

Genitourinary 
Ovulation - - a a 
Hematologic 
Agranulocytosis a - - - 
Anemia a - ≤2 2-7 
Hematocrit decreased - - a a 
Hemoglobin decreased - - a a 
Leukopenia a - - - 
Pancytopenia a - - - 
Thrombocytopenia a - - - 
Musculoskeletal 
Asthenia 2 9 - - 
Back pain - - - 4 
Fatigue - - - 4 
Fracture of bone - - 5 a 
Myalgia - - 3-5 - 
Respiratory 
Dyspnea - - a - 
Pharyngitis - - 5 - 
Pleural effusion - - - a 
Pulmonary edema - - - a 
Sinusitis - - 6 3 
Upper respiratory tract infection - - 13 10 
Other 
Anaphylactic reaction - - - rare 
Angioedema - - - rare 
Blurred vision <1 - - - 
Cholestatic hepatitis - - - a 
Cholestatic jaundice a - - - 
Hepatotoxicity rare - rare rare 
Injury - - - 8 
Liver function abnormalities a - - - 
Macular retinal edema - - a a 

-Event not reported or incidence <1% 
aPercent not specified 
 
Table 7.  Black Box Warning for Thiazolidinediones4-7 

Warning for Congestive Heart Failure 
Thiazolidinediones, including pioglitazone and rosiglitazone, cause or exacerbate congestive heart failure in some patients 
(see WARNINGS). After initiation of pioglitazone or rosiglitazone, and after dose increases, observe patients carefully for 
signs and symptoms of heart failure (including excessive, rapid weight gain, dyspnea, and/or edema). If these signs and 
symptoms develop, the heart failure should be managed according to current standards of care. Furthermore, discontinuation 
or dose reduction of pioglitazone or rosiglitazone must be considered. 
 
Pioglitazone or rosiglitazone is not recommended in patients with symptomatic heart failure. Initiation of pioglitazone or 
rosiglitazone in patients with established New York Heart Association Class III or IV heart failure is contraindicated. (See 
CONTAINDICATIONS and WARNINGS.) 
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Table 8.  Black Box Warning for Rosiglitazone and Myocardial Ischemia8 

Warning for Myocardial Ischemia 
A meta-analysis of 42 clinical studies (mean duration 6 months: 14,237 total patients), most of which compared rosiglitazone 
to placebo, showed rosiglitazone to be associated with an increased risk of myocardial ischemic events such as angina or 
myocardial infarction. Three other studies (mean duration 41 months; 14,067 total patients), comparing rosiglitazone to 
some other approved oral antidiabetic agents or placebo, have not confirmed or excluded this risk. In their entirety, the 
available data on the risk of myocardial ischemia are inconclusive. (See WARNINGS and PRECAUTIONS.) 

 
Table 9.  Black Box Warning for Metformin4,7 

Warning for Lactic Acidosis 
Lactic acidosis is a rare, but serious, metabolic complication that can occur due to metformin accumulation during treatment 
with metformin; when it occurs, it is fatal in approximately 50% of cases. Lactic acidosis may also occur in association with 
a number of pathophysiologic conditions, including diabetes mellitus, and whenever there is significant tissue hypoperfusion 
and hypoxemia. Lactic acidosis is characterized by elevated blood lactate levels (>5 mmol/L), decreased blood pH, 
electrolyte disturbances with an increased anion gap, and an increased lactate/pyruvate ratio. When metformin is implicated 
as the cause of lactic acidosis, metformin plasma levels >5 μg/mL are generally found. 
The reported incidence of lactic acidosis in patients receiving metformin hydrochloride is very low (approximately 0.03 
cases/1000 patient-years, with approximately 0.015 fatal cases/1000 patient-years). In more than 20,000 patient-years 
exposure to metformin in clinical trials, there were no reports of lactic acidosis. Reported cases have occurred primarily in 
diabetic patients with significant renal insufficiency, including both intrinsic renal disease and renal hypoperfusion, often in 
the setting of multiple concomitant medical/surgical problems and multiple concomitant medications. Patients with 
congestive heart failure requiring pharmacologic management, in particular those with unstable or acute congestive heart 
failure who are at risk of hypoperfusion and hypoxemia, are at increased risk of lactic acidosis. The risk of lactic acidosis 
increases with the degree of renal dysfunction and the patient’s age. The risk of lactic acidosis may, therefore, be 
significantly decreased by regular monitoring of renal function in patients taking metformin and by use of the minimum 
effective dose of metformin. In particular, treatment of the elderly should be accompanied by careful monitoring of renal 
function. Metformin treatment should not be initiated in patients ≥80 years of age unless measurement of creatinine 
clearance demonstrates that renal function is not reduced, as these patients are more susceptible to developing lactic acidosis. 
In addition, metformin should be promptly withheld in the presence of any condition associated with hypoxemia, 
dehydration, or sepsis. Because impaired hepatic function may significantly limit the ability to clear lactate, metformin 
should generally be avoided in patients with clinical or laboratory evidence of hepatic disease. Patients should be cautioned 
against excessive alcohol intake, either acute or chronic, when taking metformin, since alcohol potentiates the effects of 
metformin hydrochloride on lactate metabolism. In addition, metformin should be temporarily discontinued prior to any 
intravascular radiocontrast study and for any surgical procedure (see also PRECAUTIONS).  
The onset of lactic acidosis often is subtle, and accompanied only by nonspecific symptoms such as malaise, myalgias, 
respiratory distress, increasing somnolence, and nonspecific abdominal distress. There may be associated hypothermia, 
hypotension, and resistant bradyarrhythmias with more marked acidosis. The patient and the patient’s physician must be 
aware of the possible importance of such symptoms and the patient should be instructed to notify the physician immediately 
if they occur (see also PRECAUTIONS). 
Metformin should be withdrawn until the situation is clarified. Serum electrolytes, ketones, blood glucose, and if indicated, 
blood pH, lactate levels, and even blood metformin levels may be useful. Once a patient is stabilized on any dose level of 
metformin, gastrointestinal symptoms, which are common during initiation of therapy, are unlikely to be drug related. Later 
occurrence of gastrointestinal symptoms could be due to lactic acidosis or other serious disease.  
Levels of fasting venous plasma lactate above the upper limit of normal but less than 5 mmol/L in patients taking metformin 
do not necessarily indicate impending lactic acidosis and may be explainable by other mechanisms, such as poorly controlled 
diabetes or obesity, vigorous physical activity, or technical problems in sample handling. (See also PRECAUTIONS.)  
Lactic acidosis should be suspected in any diabetic patient with metabolic acidosis lacking evidence of ketoacidosis 
(ketonuria and ketonemia).  
Lactic acidosis is a medical emergency that must be treated in a hospital setting. In a patient with lactic acidosis who is 
taking metformin, the drug should be discontinued immediately and general supportive measures promptly instituted. 
Because metformin hydrochloride is dialyzable (with a clearance of up to 170 mL/min under good hemodynamic 
conditions), prompt hemodialysis is recommended to correct the acidosis and remove the accumulated metformin. Such 
management often results in prompt reversal of symptoms and recovery. (See also CONTRAINDICATIONS and 
PRECAUTIONS.)  
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VII. Dosing and Administration  
 

The usual dosing regimens for the combination thiazolidinediones are summarized in Table 10. 
 

Table 10.  Usual Dosing for the Combination Thiazolidinediones1-7 

Drug Usual Adult Dose Usual 
Pediatric 

Dose 

Availability 

Pioglitazone 
and 
glimepiride 

Previously on glimepiride monotherapy:  
Tablet: initial, 30 mg-2 mg or 30 mg-4 mg once daily  
 
Previously on pioglitazone monotherapy:  
Tablet: initial, 30 mg-2 mg once daily  
 
Previously on pioglitazone and glimepiride as separate tablets: 
Tablet: initial, 30 mg-2 mg or 30 mg-4 mg based on dose of 
pioglitazone and glimepiride already being taken 
 
Previously on sulfonylurea monotherapy or pioglitazone plus a 
different sulfonylurea: 
Tablet: initial, 30 mg-2 mg once daily  
 
Note: the maximum recommended daily doses for pioglitazone and 
glimepiride are 45 mg and 8 mg, respectively. 

Safety and 
efficacy in 
pediatric 
patients have 
not been 
established. 

Tablet:  
30 mg-2 mg 
30 mg-4 mg 
 
 

Pioglitazone 
and 
metformin 

Previously on metformin monotherapy:  
Tablet: initial, 15 mg-500 mg or 15 mg-850 mg once or twice daily 
 
Previously on pioglitazone monotherapy:  
Tablet: initial, 15 mg-500 mg twice daily or 15 mg-850 mg once daily 
 
Previously on pioglitazone and metformin as separate tablets: 
Tablet: initial, 15 mg-500 mg or 15 mg-850 mg based on dose of 
pioglitazone and metformin already being taken 
 
Note: the maximum recommended daily doses for pioglitazone and 
metformin are 45 mg and 2,550 mg, respectively.  

Safety and 
efficacy in 
pediatric 
patients have 
not been 
established. 

Tablet: 
15 mg-500 mg 
15 mg-850 mg  

Rosiglitazone 
and 
glimepiride 

Drug-naïve patients or previously on glimepiride or pioglitazone: 
Tablet: initial, 4 mg-1 mg once daily; may consider 4 mg-2 mg in 
patients already treated with rosiglitazone or a thiazolidinedione; 
maximum: 8 mg-4 mg 
 
Previously on metformin and pioglitazone as separate tablets: 
Tablet: initial, dose of rosiglitazone and glimepiride already being 
taken 

Safety and 
efficacy in 
pediatric 
patients have 
not been 
established. 

Tablet: 
4 mg-1 mg 
4 mg-2 mg  
4 mg-4 mg 
8 mg-2 mg 
8 mg-4 mg 

Rosiglitazone 
and 
metformin 

Drug-naïve patients: 
Tablet: initial, 2 mg-500 mg once or twice daily; maximum: 8 mg-
2,000 mg 
 
Previously on metformin monotherapy:  
Tablet: initial, 2 mg-500 mg or 2 mg-1,000 mg twice daily (based on 
daily metformin dose); maximum: 8 mg-2,000 mg 
 
Previously on rosiglitazone monotherapy:  
Tablet: initial, 2 mg-500 mg or 4 mg-500 mg twice daily (based on 
daily rosiglitazone dose); maximum: 8 mg-2,000 mg 

Safety and 
efficacy in 
pediatric 
patients have 
not been 
established. 

Tablet: 
2 mg-500 mg 
2 mg-1,000 mg 
4 mg-500 mg  
4 mg-1,000 mg 
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VIII. Effectiveness  
 

Table 11 summarizes clinical trials that evaluated the safety and efficacy of the thiazolidinediones in combination with glimepiride or metformin. There 
are limited studies evaluating the safety and efficacy of fixed-dose combination products and the majority of the clinical trials were conducted with the 
rosiglitazone combination products. Concomitant use of the separate components has been investigated. For more information regarding the clinical 
trials that evaluated cardiovascular outcomes of the thiazolidinediones, please refer to the single entity thiazolidinedione review. 
 

Table 11.  Comparative Clinical Trials Using the Combination Thiazolidinediones 
Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

Cardiovascular Outcomes Trials 
PROactive Study9 

 
Pioglitazone 15 mg 
(month 1) QD titrated 
to 30 mg QD (month 
2) and to 45 mg QD 
(month 3) if tolerated 
 
vs 
 
placebo 
 
Study drugs were 
taken in addition to 
the patients’ glucose-
lowering drugs and 
other medications. 
 
 

DB, MC, PC, PRO, 
RCT 
 
Patients 35-75 years 
of age with type 2 
diabetes with an 
HbA1c >6.5% despite 
treatment with diet 
alone or with oral 
glucose-lowering 
agents with or without 
insulin and evidence 
of extensive 
macrovascular disease 
as defined by ≥1 of 
the following:  
myocardial infarction 
(MI) or stroke at least 
6 months prior to 
enrollment, 
percutaneous coronary 
intervention or 
coronary artery bypass 
surgery at least 6 
months prior to 
enrollment, acute 
coronary syndrome 
(ACS) at least 3 

N=5,238 
(N=2,605 for 
pioglitazone 
and N=2,633 
for placebo) 

 
34.5 months 

(average time 
of observation) 

Primary: 
Composite of all-cause 
mortality, nonfatal MI 
(including silent MI), 
nonfatal stroke, ACS, 
endovascular or 
surgical intervention 
on coronary or leg 
arteries, or amputation 
above the ankle 
 
Secondary: 
Composite of all-cause 
mortality, nonfatal MI 
(excluding silent MI) 
and nonfatal stroke 
(main secondary 
endpoint); 
cardiovascular death; 
and time to individual 
components of the 
primary composite 
endpoint 

Primary: 
At least 1 event in the primary composite endpoint occurred in 514 
patients taking pioglitazone and 572 patients taking placebo (HR, 0.90; 
95% CI, 0.80 to 1.02; P=0.095).  
 
Secondary: 
Fewer patients on pioglitazone reached the main secondary endpoint 
(composite of all-cause mortality, MI and stroke) compared to placebo 
(301 vs 358 patients; HR, 0.84; 95% CI, 0.72 to 0.98; P=0.027). 
 
Significantly more reports of heart failure were noted in patients treated 
with pioglitazone compared to placebo (281 vs 198 patients; P<0.0001). 
Deaths due to heart failure did not differ significantly between the two 
study groups (25 for pioglitazone vs 22 for placebo; P=0.634). 
 
A greater number of patients on pioglitazone reported edema without heart 
failure compared to those on placebo (562 vs 341; P value not reported).  
 
 



 
 

371 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

months prior to 
enrollment, or 
objective evidence of 
coronary artery 
disease (CAD) or 
obstructive arterial 
disease in the leg 
 
Patients were 
excluded if they had 
type 1 diabetes; were 
taking insulin only; 
had planned coronary 
or peripheral 
revascularization; had 
New York Heart 
Association (NYHA) 
class II heart failure or 
above; had ischemic 
ulcers, gangrene or 
rest pain in the leg; 
had had hemodialysis; 
or had 2.5 times or 
greater the upper limit 
of normal 
concentrations of 
alanine 
aminotransferase.  

Lincoff et al10 
 
Pioglitazone 
monotherapy vs 
metformin (1 trial), 
placebo (4 trials), 
sulfonylureas (6 
trials) or rosiglitazone 
(1 trial) 

DB, MA, RCT with 
placebo or active 
comparator 
 
Adult patients with 
type 2 diabetes 
mellitus and 
inadequate glycemic 
control 

19 trials 
 

N=16,390 
 

4 months to 3.5 
years 

Primary: 
Composite of death 
from any cause, MI or 
stroke 
 
Secondary: 
Incidence of serious 
heart failure 

Primary: 
Death, MI or stroke occurred in 375 of 8,554 patients (4.4%) receiving 
pioglitazone and 450 of 7,836 patients (5.7%) receiving control therapy 
(HR, 0.82; 95% CI, 0.72 to 0.94; P=0.005). 
 
Individual components of the primary end point were reduced with 
pioglitazone treatment with varying degrees of statistical significance 
(death HR, 0.92; P=0.38, MI HR, 0.81; P=0.08, death and MI HR, 0.85; 
P=0.04, and stroke HR, 0.80; P=0.09).  
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

 
or 
 
pioglitazone 
combination therapy 
(7 trials) with insulin, 
metformin, or 
sulfonylureas vs 
active comparator or 
placebo 

 
Progressive separation of time-to-event curves became apparent after 
approximately 1 year of therapy. 
 
Secondary: 
Serious heart failure was reported in 2.3% of the pioglitazone-treated 
patients and 1.8% of the control patients (HR, 1.41; 95% CI, 1.14 to 1.76; 
P=0.002). The composite of serious heart failure and death was not 
significantly increased among patients receiving pioglitazone (HR, 1.11; 
95% CI, 0.96 to 1.29; P=0.17). 

Nissen et al23 
 
Rosiglitazone 
monotherapy or 
combination therapy 
 
vs 
 
placebo or active 
comparators 
(including 
gliclazide*, 
glimepiride, glipizide, 
glyburide, insulin, 
and metformin) 

MA of RCTs of more 
than 24 weeks that 
had outcome data for 
MI and death from 
cardiovascular causes 
(included ADOPT and 
DREAM trials)  
 
Mean age of 
participants was 56 
years, mean baseline 
HbA1c 8.2%  

42 trials 
 

N=15,560 for 
rosiglitazone 

and N=12,283 
for comparator 

 
24 to 208 

weeks  

Primary: 
MI, death from 
cardiovascular causes 
 
Secondary: 
Not reported 

Primary: 
Rosiglitazone was associated with a significant increase in the risk of 
myocardial infarction compared to the control agent (OR, 1.43; 95% CI, 
1.03 to 1.98; P=0.03). 
 
Compared to the control agent, rosiglitazone was associated with a trend 
toward increased cardiovascular death (OR, 1.64; 95% CI, 0.98 to 2.74; 
P=0.06).  
 
Although not a prespecified end point, the odds ratio for death from any 
cause with rosiglitazone was 1.18 (95% CI, 0.89 to 1.55; P=0.24). 
 
Secondary: 
Not reported 

RECORD Interim 
Analysis24 
 
Rosiglitazone 
 
vs 
 
metformin or 
sulfonylurea 
(glyburide, 
gliclazide*, or 
glimepiride) 

MC, OL, RCT 
 
Patients with type 2 
diabetes between the 
ages of 40 and 75 
years, body mass 
index (BMI) >25.0 
kg/m2, HbA1c 7.1% to 
9.0% while receiving 
maximum permitted 
or tolerated doses of 
metformin or a 

N=4,447 
(N=1,117 

rosiglitazone 
plus metformin, 

N=1,103 
rosiglitazone 

plus 
sulfonylurea, 

N=2,227 
metformin plus 
sulfonylurea) 

 

Primary: 
Hospitalization or 
death from 
cardiovascular causes  
 
Secondary: 
Death from 
cardiovascular causes 
and from any cause, 
MI, CHF, and 
composite of death 
from cardiovascular 

Primary: 
For adjudicated primary end points (hospitalization or death from 
cardiovascular causes), the hazard ratio was 1.08 (95% CI, 0.89 to 1.31; 
P=0.43) with 217 events in the rosiglitazone group and 202 events in the 
control group. An additional 91 patients (50 in the rosiglitazone group and 
41 in the control group) had potential primary events reported by 
investigators, but these events were pending adjudication. 
 
Secondary: 
There was no statistically significant difference between the rosiglitazone 
group and the control group for the following secondary end points: death 
from cardiovascular causes (HR, 0.83; 95% CI, 0.51 to 1.36; P=0.46) or 
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Study 
and  

Drug Regimen 

Study Design 
and 

Demographics 

Sample Size 
and Study 
Duration 

End Points Results 

 
After a 4-week run-in 
period, patients who 
were already taking 
metformin were 
randomly assigned to 
receive rosiglitazone 
or a sulfonylurea; 
patients who were 
already taking a 
sulfonylurea were 
randomly assigned to 
receive rosiglitazone 
or metformin.  

sulfonylurea 
 
Exclusion criteria 
were the current use 
of other glucose-
lowering agents, 
hospitalization for a 
major cardiovascular 
event in the previous 3 
months, a planned 
cardiovascular 
intervention, heart 
failure, clinically 
significant hepatic 
disease, renal 
impairment, and 
uncontrolled 
hypertension.  

Mean follow-
up 3.75 years 

for the 
unplanned 

interim 
analyses (study 
was designed to 

be 6 years)  

causes, MI and stroke  any cause (HR, 0.93; 95% CI, 0.67 to 1.27; P=0.63), MI (HR, 1.16; 95% 
CI, 0.75 to 1.81; P=0.50), or the composite of cardiovascular death, MI 
and stroke (HR, 0.97; 95% CI, 0.73 to 1.29; P=0.83). However, the power 
to detect significant differences was low, as reflected by the wide 95% CI.  
 
Patients in the rosiglitazone group had a significantly higher risk of CHF 
than did patients in the control group, with 38 vs 17 adjudicated events 
(HR, 2.24; 95% CI, 1.27 to 3.97; P=0.006).  
  

Singh et al25 
 
Rosiglitazone 
 
vs 
 
control (placebo or 
other nonthiazolidine-
dione oral 
hypoglycemic drug 
including glyburide 
or metformin) 
 

MA of RCTs 
(available up to May 
2007 and included 
ADOPT, DREAM and 
RECORD trials) of 
rosiglitazone of at 
least 12 months 
duration  
 
Study participants 
with impaired glucose 
tolerance or type 2 
diabetes, studies 
monitored 
cardiovascular adverse 
events and provided 
numerical data on all 
adverse events 
  

4 trials 
 

N=14,291 
(N=6,421 

rosiglitazone 
and N=7,870 

control) 
 

1-4 years 

Primary: 
Relative risks of MI, 
heart failure, and 
cardiovascular 
mortality  
 
Secondary: 
Not reported 

Primary: 
Rosiglitazone significantly increased the risk of myocardial infarction (94 
vs 83; RR, 1.42; 95% CI, 1.06 to 1.91; P=0.02) and heart failure (102 vs 
62; RR, 2.09; 95% CI, 1.52 to 2.88; P<0.001) compared to the control 
drug. 
 
There was no significant difference in the risk of cardiovascular mortality 
between the rosiglitazone and control group (59 vs 72; RR, 0.90; 95% CI, 
0.63 to 1.26; P=0.53).  
 
Rosiglitazone had no effect on all-cause mortality (146 vs 180; RR, 0.99; 
95% CI, 0.80 to 1.23; P=0.92).  
 
Secondary: 
Not reported 
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Diabetes Trials–Combination Thiazolidinediones with Biguanides (Metformin)  
Einhorn et al26  
 
Pioglitazone 30 mg 
QD titrated to 45 mg 
(to maintain glycemic 
control) in addition to 
current metformin 
dose 
 
vs 
 
placebo in addition to 
current metformin 
dose 
 
Medications 
administered were not 
in a fixed-dose 
combination product. 
 
 
 

DB, RCT 
 
Patients with type 2 
diabetes poorly 
controlled 
(HbA1c>8%) with 
metformin 
monotherapy 
 
Baseline HbA1c was 
9.86% for 
pioglitazone and 
9.75% for placebo. 
 
Patients were 
excluded if they had 
diabetic retinopathy, 
nephropathy, or 
neuropathy; impaired 
liver or kidney 
function; or unstable 
cardiovascular or 
cerebrovascular 
conditions. 
 
 

N=328 
 

16 weeks 

Primary: 
Effect on HbA1c, FPG, 
insulin, lipoproteins, 
and C-peptide 
 
Secondary: 
Not reported 

Primary: 
Reductions in HbA1c with pioglitazone add-on therapy were significantly 
lower compared to placebo (–0.83% difference between treatment groups; 
P<0.05). 
 
Reductions in FPG with pioglitazone add-on therapy were significantly 
lower compared to placebo (–37.7 mg/dL difference between treatment 
groups; P<0.05). 
 
Pioglitazone reduced fasting C-peptide levels (–0.1 ng/mL) while placebo 
increased levels (+0.1 ng/mL; P≤0.05). 
 
Pioglitazone reduced fasting C-insulin levels (–2.1 ng/mL) while placebo 
increased levels (+0.4 ng/mL; P<0.05). 
 
Pioglitazone add-on therapy significantly reduced TG (–9.7 vs +8.5 
mg/dL; P≤0.05) and increased HDL cholesterol (10.2 mg/dL vs 1.5 
mg/dL; P≤0.05) compared to placebo. 
 
Both treatment groups increased LDL cholesterol (+7.7 mg/dL for 
pioglitazone and +11.9 mg/dL for placebo; P=NS). 
 
No significant difference between treatment groups in number of adverse 
events was observed. Higher rate of edema was reported with pioglitazone 
(5.9% vs 2.5%; no P value reported). 
 
Weight loss was observed with placebo (–1.36 kg) while patients 
receiving pioglitazone had weight gain (+0.95 kg; P value not reported). 
 
Secondary: 
Not reported 

Rosenstock et al27  
 
Rosiglitazone 4 mg 
and metformin 1,000 
mg per day, increased 

MC, OL 
 
Type 2 diabetics with 
HbA1c >11% or FPG 
>270 mg/dL who were 

N=190 
 

24 weeks 

Primary: 
Change in HbA1c 
 
Secondary: 
Proportion of patients 

Primary: 
Clinically significant mean reductions in HbA1c (11.8% to 7.8%; 
P<0.0001) were observed after initiation of rosiglitazone-metformin at 
week 24.  
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in 2 mg-500 mg 
increments at 4-week 
intervals up to 8 mg-
2,000 mg per day or 
the maximum 
tolerated dose 
 
Medications were 
administered as a 
fixed-dose 
combination product. 

previously treated 
with diet and exercise 
or had not been 
treated with a glucose-
lowering agent for 
more than 15 days 
within 12 weeks prior 
to screening  

achieving HbA1c 
targets, change in 
FPG, lipids, insulin 
sensitivity (HOMA-S) 

Secondary: 
Treatment goals of HbA1c <6.5% and <7% at week 24 were achieved in 
33% and 44% of patients, respectively.  
 
Clinically significant mean reductions in FPG (304 to 166 mg/dL; 
P<0.0001) were observed after initiation of rosiglitazone-metformin at 
week 24.  
 
HDL cholesterol increased 4.4% and TC (–3.7%), LDL cholesterol (–
0.7%) and TG (–13.4%) decreased compared to baseline (P values not 
reported). 
 
The rosiglitazone-metformin fixed-dose combination product significantly 
increased HOMA estimates of insulin sensitivity by 68% (P<0.0001).  
 
The rosiglitazone-metformin fixed-dose combination was well tolerated. 
There was a 2% incidence of hypoglycemia, mean increase in weight of 
2.6 kg from baseline and 2.6% of patients withdrew because of an adverse 
event.  

Rosenstock et al28 
 
Rosiglitazone 2 mg 
and metformin 500 
mg per day, increased 
in 2 mg-500 mg 
increments up to 8 
mg-2,000 mg per day, 
administered as a 
fixed-dose 
combination product 
 
vs 
 
metformin 500 mg 
per day, increased in 
500 mg increments up 
to 2,000 mg 

DB, MC, RCT 
 
Type 2 diabetics with 
HbA1c >7.5% to 11% 
with FPG <270 mg/dL 
who were previously 
treated with diet and 
exercise or had not 
been treated with a 
glucose-lowering 
agent for more than 15 
days within 12 weeks 
prior to screening 

N=468 
 

32 weeks 

Primary: 
Change in HbA1c 
 
Secondary: 
Proportion of patients 
achieving HbA1c and 
FPG targets, change 
from baseline in FPG, 
FFA, lipids, insulin, 
insulin sensitivity 
(HOMA-S), C-
reactive protein, 
adiponectin 
 

Primary: 
Patients receiving rosiglitazone-metformin showed significant 
improvements in HbA1c with a reduction of 2.3% compared to baseline vs 
1.8% for metformin (P<0.0008) and 1.6% with rosiglitazone (P<0.0001). 
  
Secondary: 
Target HbA1c <6.5% and <7% were achieved in more patients in the 
rosiglitazone-metformin group (60% and 77%) than with metformin (39% 
and 57%) or rosiglitazone (35% and 58%), respectively (P values not 
reported). 
 
The greatest mean decrease in FPG was seen with rosiglitazone-metformin 
(74 mg/dL) and was significant compared with metformin (50 mg/dl; 
P<0.0001) and rosiglitazone (47 mg/dl; P<0.0001). 
 
Treatment was well tolerated with nausea, vomiting and diarrhea as the 
most commonly reported adverse events. Edema was comparable between 
rosiglitazone-metformin (6%) and rosiglitazone (7%) and lower in the 
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vs 
 
rosiglitazone 4 mg 
per day, increased up 
to 8 mg per day 

metformin group.  

Bailey et al29 

 
Rosiglitazone 4 mg 
and 2,000 mg of 
metformin daily 
titrated to 8 mg-2,000 
mg after 8 weeks, 
administered as a 
fixed-dose 
combination product 
 
vs 
 
metformin 2,500 mg 
daily titrated to 3,000 
mg daily after 8 
weeks 
 
 

DB, MC, PG, RCT 
 
Patients with type 2 
diabetes poorly 
controlled (FPG ≥126 
to 216 mg/dL) with 
metformin alone or in 
combination with an 
insulin secretagogue 
or acarbose  
 
Baseline HbA1c was 
7.4% for pioglitazone 
add-on therapy and 
7.5% for metformin. 
 
Patients were 
excluded if they had 
been treated with a 
thiazolidinedione or 
insulin, had unstable 
cardiovascular or 
cerebrovascular 
conditions, or had 
uncontrolled 
hypertension. 

N=568 
 

24 weeks 

Primary: 
Effect on HbA1c 
 
Secondary: 
Effect on FPG, 
insulin, and proportion 
of patients who 
achieved HbA1c and 
FPG targets 

Primary: 
Reductions in HbA1c observed with rosiglitazone add-on therapy were 
significantly lower compared to metformin monotherapy (–0.22% 
difference between treatment groups; P=0.001). 
 
Secondary: 
Reductions in FPG observed with rosiglitazone add-on therapy were 
significantly lower compared to metformin monotherapy (–18.3 mg/dL 
difference between treatment groups; P<0.001). 
 
Significant reduction in fasting insulin was observed with rosiglitazone 
add-on therapy compared to metformin monotherapy (–12.4 pmol/L 
difference between treatment groups; P=0.001). 
 
Greater proportion of patients on pioglitazone (54%) reached HbA1c 
targets (<7%) compared to metformin monotherapy (36%; OR, 2.42; 
P<0.001). 
 
Greater proportion of patients on rosiglitazone (32%) reached FPG targets 
(<126 mg/dL) compared to metformin monotherapy (8%; OR, 5.71; 
P<0.001). 
 
Higher rate of withdrawal due to adverse events with metformin 
monotherapy (8% vs 4%; no P value reported) was noted. Gastrointestinal 
(GI) disorders were the most commonly reported event that caused 
withdrawal in the metformin group. 

Fonseca et al30  
 
Rosiglitazone 4 mg 
and 2,500 mg of 
metformin daily  

DB, PC, RCT 
 
Patients with poorly 
controlled type 2 
diabetes (mean FPG 

N=348 
 

26 weeks 

Primary: 
Effect on HbA1c, FPG, 
fructosamine, C-
peptide, FFA, lipids, 
lactate, and estimates 

Primary: 
Addition of rosiglitazone significantly reduced HbA1c in a dose-related 
fashion from baseline compared to metformin monotherapy. Mean 
difference from the metformin control group was –1.0% (P<0.001) with 
rosiglitazone 4 mg-metformin 2,500 mg and –1.2% with rosiglitazone 8 
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vs 
 
rosiglitazone 8 mg 
and 2,500 mg of 
metformin daily  
 
vs 
 
metformin 2,500 mg 
daily plus placebo 
 
Medications were 
administered in a 
fixed-dose 
combination product.  

140 to 300 mg/dL) 
with metformin 
 
Baseline HbA1c was 
8.6% in the metformin 
treatment group, 8.9% 
in the rosiglitazone 4 
mg-metformin 2,500 
mg treatment group 
and 8.9% in the 
rosiglitazone 8 mg-
metformin 2,500 mg 
treatment group. 
 
Patients were 
excluded if they had 
NYHA class III-IV 
heart failure, angina, 
renal or liver disease, 
symptomatic 
neuropathy, or prior 
use of rosiglitazone or 
insulin. 

of insulin sensitivity 
(HOMA-S) and β-cell 
function (HOMA-B) 
 
Secondary: 
Not specified 
 

mg-metformin 2,500 mg (P<0.001). 
 
Mean FPG concentrations were reduced significantly with rosiglitazone 4 
mg-metformin 2,500 mg (–33 mg/dL; P<0.0001) and with rosiglitazone 8 
mg-metformin 2,500 mg (–48.4 mg/dL; P<0.0001). No significant change 
in FPG was observed with metformin monotherapy. 
 
Fructosamine levels were reduced with both rosiglitazone 4 mg-metformin 
2,500 mg (–27.9 μmol/L; P value not reported) and 8 mg-metformin 2,500 
mg (–36.8 μmol/L; P value not reported). Fructosamine levels increased 
with metformin monotherapy (+12.3 μmol/L; P value not reported).  
 
C-peptide values were reduced significantly in all treatment groups 
compared to baseline (P<0.05). 
 
FFA levels were significantly less in both rosiglitazone-metformin 
treatment groups compared to metformin monotherapy (P<0.05). 
 
Significant increases in TC, HDL cholesterol and LDL cholesterol were 
observed with both rosiglitazone groups when compared to metformin 
monotherapy (P<0.05).  
 
Mean fasting lactate levels were significantly less in both rosiglitazone-
metformin treatment groups compared to metformin monotherapy 
(P<0.05). 
 
Both insulin sensitivity (as measured by HOMA-S) and β-cell function (as 
measured by HOMA-B) were increased in a dose-dependent fashion with 
rosiglitazone-metformin combination compared to metformin 
monotherapy (P value not reported). 
 
Secondary: 
Not specified 

Rosak et al31 

 
Rosiglitazone 4 mg 
titrated to 8 mg, 

OS, PM 
 
Two post marketing 
observational studies 

N=11,014 
 

6 months 

Primary: 
Effect on HbA1c, FPG, 
body weight and blood 
pressure from baseline 

Primary: 
Addition of rosiglitazone significantly reduced HbA1c from baseline (–
1.3%; P<0.0001). 
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added to existing 
metformin therapy 
 
Medications 
administered were not 
in a fixed-dose 
combination product. 

in which type 2 
diabetics on 
metformin therapy 
received rosiglitazone 
add-on therapy 
 
Baseline HbA1c was 
8.1% in both studies.  

 
Secondary: 
Not reported 

Addition of rosiglitazone significantly reduced FPG from baseline (–47.0 
mg/dL; P<0.0001). 
 
Significant reduction in blood pressure from baseline (–7/–3 mm Hg; 
P<0.0001) was observed with rosiglitazone add-on therapy.  
 
Significant reduction in weight (–1.7 kg; P<0.0001) was observed with 
rosiglitazone add-on therapy.  
 
Most commonly reported adverse events were weight gain (0.16%) and 
edema (0.15%). 
 
Secondary: 
Not reported 

Weissman et al32 

 
Rosiglitazone 8 mg 
QD in addition to 
metformin 1,000 mg 
QD (RSG + MET) 
 
vs 
 
metformin 500 mg in 
addition to metformin 
1,000mg QD (MET)  
 
Medications 
administered were not 
in a fixed-dose 
combination product. 
 
  
 

DB, MC, PG, RCT 
 
Patients 18-75 years 
of age diagnosed with 
type 2 diabetes 
(defined as HbA1c of 
6.5%-8.5% for 
patients receiving 
combination therapy 
with metformin and 
sulfonylurea or HbA1c 
of 7%-10% for drug-
naïve or patients 
receiving 
monotherapy), FPG of 
126-270 mg/dL and 
BMI ≥27kg/m2 
 
Any subjects 
previously receiving 
metformin or 
metformin and 
sulfonylurea must 

N=766 
 

2-week wash 
out period 

followed by 4-7 
weeks of run-in 
period and 24 

weeks of 
treatment 

Primary: 
Mean change from 
baseline HbA1c after 
24 weeks of treatment 
 
Secondary: 
Mean change from 
baseline FPG at week 
24 and proportion of 
patients responding to 
treatment, defined as 
reduction of ≥0.7% for 
HbA1c and ≥30 mg/dL 
for FPG at week 24, 
clinical safety, adverse 
events, tolerability and 
clinical laboratory 
tests 

Primary: 
After 24 weeks, RSG + MET combination therapy and MET monotherapy 
were both effective in improving HbA1c with mean reductions of –0.93% 
(95% CI, –1.06% to –0.80%) and –0.71% (95% CI, –0.83% to –0.60%), 
respectively, with a mean treatment difference of –0.20% (95% CI, –
0.36% to –0.04%). 
 
Secondary: 
Significant reductions in FPG from baseline were seen in patients 
receiving MET + RSG (–2.29 mmol/L; 95% CI, –2.59 mmol/L to –1.99 
mmol/L) compared to patients receiving MET monotherapy (–1.12 
mmol/L; 95% CI, –1.43 mmol/L to –0.82 mmol/L), with a treatment 
difference of –0.85 mmol/L (95% CI, –1.23 mmol/L to –0.47 mmol/L). 
 
The proportion of patients who responded to treatment (reduction in 
HbA1c ≥0.7%) was greater in the RSG + MET group than the MET 
monotherapy group (59.5% and 49.5%, respectively) with the treatment 
difference of 10% (95% CI, 1.9% to 18.1%). 
 
The proportion of FPG responders (reduction in FPG ≥30 mg/dL) was also 
greater in the RSG + MET group than in the MET monotherapy group 
(55% vs 32.5%, respectively). 
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have received ≤ 
metformin 1,000 
mg/day for at least 3 
months prior to study 
entry and patients 
must have stopped 
previous treatment 
with thiazolidinedione 
at least 3 months prior 
to screening. 

The percentage of patients experiencing a gastrointestinal effect was 
greater in the MET group compared with the RSG + MET group (38.7% 
and 27.9%). The odds of experiencing a gastrointestinal side effect were 
63% greater for patients receiving MET monotherapy compared to RSG + 
MET combination therapy (OR, 1.63; 95% CI, 1.19 to 2.24).  
 
RSG + MET resulted in a mean weight gain of 1.79 kg (P<0.0001) 
compared with a mean weight loss of 1.78 kg (P<0.001) on MET 
monotherapy. 
 
There were 3 deaths during the course of the study with 2 prior to double-
blind study medication, and 1 while on RSG + MET; the cause of which 
was unknown, although it was not considered to be treatment related. 

Stewart et al33 

 
Rosiglitazone 8 
mg/day and 
metformin 2,000 
mg/day (MET + 
RSG) 
 
vs 
 
metformin 3,000 
mg/day (MET) 
 
Medications 
administered were not 
in a fixed-dose 
combination product. 
 

DB, MC, PG, RCT 
 
Type 2 diabetic 
patients aged 18-70 
years, who were either 
antidiabetic-drug-
naïve with FPG of 
7.0-9.0 mmol/L and 
HbA1c 7.0%-9%, or 
previously treated 
with oral antidiabetic 
monotherapy with 
FPG of 6.0-8.0 
mmol/L and HbA1c 
6.5%-8.0% 

N=526 
 

32 weeks  

Primary: 
Proportion of patients 
achieving HbA1c 
≤6.5% at week 32 and 
the change in HbA1c 
from baseline to week 
32 
 
Secondary: 
Proportion of patients 
achieving target 
HbA1c and FPG levels, 
change in FPG and 
fasting plasma insulin 
from baseline to week 
32, change in insulin 
resistance, pancreatic 
β-cell function, CRP, 
lipid parameters and 
24-hour ambulatory 
blood pressure, safety 
and tolerability  

Primary: 
There was a reduction from baseline in mean HbA1c in the MET + RSG 
group from 7.2% to 6.7% compared with 7.2% to 6.8% in the MET group 
(P=0.0357) at week 32. 
 
Secondary: 
The proportion of patients achieving HbA1c ≤6.5% at week 32 was similar 
in the two groups (P=0.095). 
 
The proportion of patients achieving FPG <7.0 mmol/L at week 32 was 
56% in the MET + RSG group compared with 38% in the MET group 
(OR, 2.33; P<0.0001). 
 
The reduction in fasting plasma insulin from baseline was greater in the 
MET + RSG group compared with the MET group (treatment difference 
of –12.2 pmol/L; P=0.00029). 
 
Homeostasis model assessment estimated that insulin sensitivity, β-cell 
function, CRP and systolic blood pressure were greater in the MET + RSG 
group at week 32 compared with the MET group (P<0.05 for all). 
 
TC, HDL and LDL increased, free fatty acids decreased and TG did not 
change in the MET + RSG group, whereas in the MET group there were 
decreases in TC, LDL and TG and increases in HDL and free fatty acids. 
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The difference between the treatments was statistically significant for the 
above parameters (P<0.05). 
 
The proportion of patients with reductions in 24-hour mean systolic blood 
pressure was greater in the MET + RSG group compared with the MET 
group (treatment difference of –3.6 mm Hg; P=0.0315). 
 
The overall incidences of gastrointestinal adverse events were comparable 
between groups, but there was a lower incidence of diarrhea in the MET + 
RSG group (8% vs 18%). Hypoglycemia was reported in 17 patients (7%) 
in the MET + RSG group compared with 10 patients (4%) in the MET 
group.  
 
There were greater reductions in mean hemoglobin and hematocrit over 32 
weeks in the MET + RSG group compared with the MET group 
(P<0.0001). 

Derosa et al34 (2006) 
 
Pioglitazone 15 mg 
once daily  
 
vs 
 
rosiglitazone 4 mg 
once daily 
 
vs 
 
baseline 
 
All patients received 
metformin at a mean 
dose of 2,250 mg per 
day. 
 
 

DB, MC, PG, RCT 
 
Patients >18 years 
with type 2 diabetes 
mellitus and metabolic 
syndrome, poor 
glycemic control 
(HbA1c >7.5%) or 
experienced adverse 
effects with diet and 
metformin, 
administered up to 
maximum tolerated 
dose  

N=96 
 

12 months 

Primary: 
Changes in BMI, 
HbA1c, lipid profile, 
lipoprotein (a), 
homocysteine 
 
Secondary: 
Effect on FPG, PPG, 
HOMA index 

Primary: 
No BMI change was observed at 3, 6, 9 and 12 months in either group. 
There was no difference in BMI value between pioglitazone and 
rosiglitazone (P value not reported). 
 
Significant HbA1c decreases were observed at 9 (both P<0.05 vs baseline) 
and 12 months (both P<0.01 vs baseline) in both groups. 
 
Significant TC, LDL cholesterol, HDL cholesterol, and TG improvement 
was present in the pioglitazone group at 12 months compared with the 
baseline values, and these variations were significantly different than 
rosiglitazone (P<0.05). No TC, LDL cholesterol, HDL cholesterol, or TG 
improvement was present in the rosiglitazone group after 12 months.  
 
Significant lipoprotein (a) and homocysteine improvement was present in 
the pioglitazone group at 12 months compared with the baseline values 
(both P<0.05), and lipoprotein (a) change was significant compared with 
the rosiglitazone group (P<0.05). Significant homocysteine decrease was 
observed in the rosiglitazone group at the end of the study (P<0.05).  
 
Secondary: 
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After 9 and 12 months, mean FPG and PPG levels decreased in both 
groups compared to baseline (both P<0.05 and P<0.01, respectively). 
 
HOMA index improved in both groups at 12 months (P<0.05).  

Diabetes Trials–Combination Thiazolidinediones with Sulfonylureas (Glimepiride) 
Kipnes et al35 
 
Pioglitazone 15 mg or 
30 mg and 
sulfonylurea 
 
vs 
 
placebo and 
sulfonylurea 
 
 
Medications 
administered were not 
in a fixed-dose 
combination product. 
(The most commonly 
used sulfonylureas 
were glipizide and 
glyburide.) 

DB, MC, PC, RCT 
 
Patients on a stable 
regimen of a 
sulfonylurea for >30 
days with an HbA1c 
>8.0%, fasting C-
peptide >1.0 ng/mL, 
BMI 25 to 45 kg/m2 

N=560 
 

16 weeks 

Primary: 
Change in HbA1c, 
FPG, TG, lipoproteins 
 
Secondary: 
Not reported 

Primary: 
Patients receiving pioglitazone and a sulfonylurea had significant 
decreases (P<0.05) from baseline in HbA1c and FPG levels compared to 
patients in the placebo and sulfonylurea group.  
 
Both pioglitazone and sulfonylurea groups had significant (P<0.05) mean 
percent decreases in TG levels (17%; 95% CI, 6% to 27% for 15 mg and 
26%; 95% CI, 16% to 36% for 30 mg) and increases in HDL cholesterol 
levels (6%; 95% CI, 1% to 11% for 15 mg and 13%; 95% CI, 8% to 18% 
for 30 mg) compared with placebo and sulfonylurea.  
 
There were small but statistically significant (P<0.05) mean percent 
increases in LDL cholesterol levels in all groups.  
 
The adverse event rates were similar in all groups.  
 
Secondary: 
Not reported 

Chou et al36 
 
Rosiglitazone and 
glimepiride (4 mg-4 
mg or 8 mg-4 mg 
maximum), 
administered as a 
fixed-dose 
combination product 
 
vs 
 

DB, MC, PG, RCT 
 
Type 2 diabetics, 
HbA1c 7.5% to 12.0%, 
fasting C-peptide >0.8 
ng/mL, FPG >126 
mg/dL, who had been 
treated with diet 
and/or exercise alone 
or who had not taken 
oral antidiabetic 
medication or insulin 

N=901 
 

28 weeks 

Primary: 
Change in HbA1c 
 
Secondary: 
Change in FPG, 
proportion of subjects 
achieving HbA1c and 
FPG targets, HOMA-
S, HOMA-B, 
cardiovascular 
biomarkers  

Primary: 
Both rosiglitazone-glimepiride fixed-dose regimens significantly reduced 
HbA1c to a greater extent than glimepiride or rosiglitazone monotherapy 
(P<0.0001).  
 
Secondary: 
A significantly greater reduction in FPG levels was observed in the 
rosiglitazone-glimepiride fixed-dose group compared to glimepiride or 
rosiglitazone monotherapy (P<0.0001). 
 
Significantly more patients achieved HbA1c target levels of <6.5% and 
<7% with either rosiglitazone-glimepiride fixed-dose regimen than 
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glimepiride (4 mg QD 
maximum) 
 
vs 
 
rosiglitazone (8 mg 
QD maximum)  
 
 
 

for >15 days in the 
preceding 4 months 

glimepiride or rosiglitazone monotherapy (P<0.0001). 
 
Improvement in C-reactive protein was also observed in patients treated 
with rosiglitazone-glimepiride fixed-dose or rosiglitazone monotherapy 
compared with glimepiride monotherapy (P<0.05).  
 
There were no new safety or tolerability issues identified from its 
monotherapy components and a similar adverse event profile was 
observed across the fixed-dose regimens. The most commonly reported 
adverse event was hypoglycemia and the incidence of confirmed 
symptomatic hypoglycemia (3.6% to 5.5%) was comparable among 
subjects treated with a fixed-dose regimen and glimepiride monotherapy.  

McCluskey et al37 

 
Glimepiride 2 mg 
titrated to 4 and 8 mg 
(at 2 week intervals) 
in addition to current 
rosiglitazone therapy 
 
vs 
 
placebo in addition to 
current rosiglitazone 
therapy 
 
Medications 
administered were not 
in a fixed-dose 
combination product. 
 

MC, PC, RCT 
 
Patients with type 2 
diabetes poorly 
controlled (HbA1c 
7.5%-9.5%) with 
rosiglitazone 
monotherapy  
 
Baseline HbA1c was 
7.9% for glimepiride 
and 8.4% for placebo. 
 
Patients were 
excluded if they 
required insulin 
therapy, were on other 
sulfonylureas, had a 
history of sulfonylurea 
hypersensitivity, if 
their rosiglitazone 
dose had 
been increased within 
2 months of study 
entry, their body 

N=40 
 

30 weeks 

Primary: 
Effect on HbA1c 
 
Secondary: 
Effect on FPG, body 
weight, lipoproteins 
and proportion of 
patients who achieved 
HbA1c and FPG 
targets 

Primary: 
Significant reductions in HbA1c were observed with glimepiride add-on 
therapy (–1.2%) compared to placebo (–0.3%; P<0.001). 
 
Secondary: 
Significant reductions in FPG were observed with glimepiride add-on 
therapy (–24.41 mg/dL) than with placebo add-on therapy (+5.9 mg/dL; 
P<0.008). 
 
Significantly greater proportion of patients on glimepiride add-on therapy 
achieved the target HbA1c of ≤7% (60% vs 14.3%; P<0.008). 
 
There were no significant differences between treatment groups in total 
cholesterol, HDL cholesterol, LDL cholesterol or TG at any time during 
study period.  
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weight had changed 
>2% during the 
stabilization period, or 
they had clinically 
abnormal baseline 
laboratory values. 

Derosa et al38 (2004) 
 
Pioglitazone 15 mg 
once daily 
 
vs 
 
rosiglitazone 4 mg 
once daily 
 
vs 
 
baseline 
 
All patients received 
glimepiride 4 mg per 
day in 2 divided 
doses.  
 

DB, MC, PG, RCT 
 
Patients >18 years 
with type 2 diabetes 
mellitus and metabolic 
syndrome, poor 
glycemic control 
(HbA1c >7.5%) or 
experienced adverse 
effects with diet and 
oral hypoglycemic 
agents, such as 
sulfonylureas or 
metformin, 
administered up to 
maximum tolerated 
dose  

N=87 
 

12 months 

Primary: 
Changes in BMI, 
HbA1c, FPG, PPG, 
FPI, PPI, HOMA 
index, lipid profile, 
lipoprotein variables 
 
Secondary: 
Not reported 

Primary: 
Patients in the pioglitazone and rosiglitazone groups experienced a 
significant increase in mean BMI at 12 months compared with baseline 
(4.92% and 6.17%, respectively; both P<0.05). 
 
At 12 months, there was a 1.3% improvement from baseline in mean 
values for HbA1c (P<0.01), 19.3% in FPG (P<0.01), 16.3% in PPG 
(P<0.01), 42.4% in FPI (P<0.05), and 23.3% in PPI (P<0.05); no 
significant differences were found between treatment groups. Significant 
improvements in mean HOMA index were also observed in both groups 
compared to baseline (both P<0.01).  
 
Patients receiving pioglitazone experienced a significant improvement at 
12 months in almost all variables of lipid metabolism from baseline 
including TC (–11%), LDL cholesterol (–12%), HDL cholesterol (15%), 
and apolipoprotein B (–10.6% [all P<0.05]). Patients receiving 
rosiglitazone experienced a significant increase in TC (14.9%), LDL 
cholesterol (16.5%), TG (17.9%), and apolipoprotein B (10.3% [all 
P<0.05]).  
 
Of the 87 patients who completed the study, 3/45 of patients in the 
pioglitazone group and 5/42 patients in the rosiglitazone group had 
transient, mild-to-moderate adverse events that did not cause withdrawal 
from the trial.  
 
Secondary: 
Not reported 

Miscellaneous Clinical Trials 
Bolen et al39 

(commissioned by 
AHRQ) 

MA of studies that 
assessed the benefits 
or harms of oral 

216 controlled 
trials and 

cohort studies 

Primary: 
All-cause mortality, 
cardiovascular 

Primary: 
The authors found no definitive evidence about the comparative 
effectiveness of oral antidiabetic agents on all-cause mortality, 
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α-glucosidase 
inhibitors 
 
vs 
 
biguanides 
 
vs 
 
meglitinides 
 
vs 
 
sulfonylureas, second 
generation 
 
vs 
 
thiazolidinediones  

antidiabetic agents 
(search up to January 
2006 for original 
articles and November 
2005 for systematic 
reviews, analysis did 
not include ADOPT or 
RECORD trials) 
 
Adults with type 2 
diabetes treated with 
FDA-approved oral 
antidiabetic agents 
available in the United 
States, studies 
included monotherapy 
or combination 
therapy with 2 oral 
agents 
 
Studies were excluded 
that evaluated first 
generation 
sulfonylureas or 
combinations of 3 oral 
antidiabetic agents, 
conducted for less 
than 3 months or had 
fewer than 40 patients. 

and 2 
systematic 

reviews 
 

Total N not 
specified, trials 

with N<40 
patients were 

excluded 
 

>3 months 

morbidity and 
mortality, 
microvascular 
outcomes 
 
Secondary: 
Changes in HbA1c, 
lipid profile, TG, body 
weight, blood 
pressure, adverse 
effects 

cardiovascular mortality or morbidity, peripheral arterial disease, 
neuropathy, retinopathy, or nephropathy.  
 
Secondary: 
Metformin, second generation sulfonylureas and thiazolidinediones 
produced similar absolute reductions in HbA1c (approximately 1%) 
compared with one another as monotherapy. Combination therapies were 
better at reducing HbA1c than was monotherapy by about 1% (absolute 
difference).  
 
Thiazolidinedione monotherapy and rosiglitazone plus metformin or a 
sulfonylurea increased LDL cholesterol levels (10-12 mg/dL) compared 
with metformin or second generation sulfonylurea monotherapy, which 
generally decreased LDL cholesterol levels. Rosiglitazone increased LDL 
cholesterol levels more than pioglitazone (about 10-15 mg/dL), according 
to indirect comparisons and a few head-to-head comparisons. Metformin 
decreased LDL cholesterol levels compared with second generation 
sulfonylureas (about 10 mg/dL). Metformin plus a sulfonylurea decreased 
LDL cholesterol levels compared with second generation sulfonylurea 
monotherapy (about 8 mg/dL). 
 
Pioglitazone increased HDL cholesterol levels more than rosiglitazone, 
according to indirect and a few direct comparisons (about 1-3 mg/dL). 
Pioglitazone increased HDL cholesterol levels compared with metformin 
or second generation sulfonylureas (about 3-5 mg/dL). The combination 
of rosiglitazone with metformin or a second generation sulfonylurea 
increased HDL cholesterol levels slightly more than metformin or second 
generation sulfonylureas alone (about 3 mg/dL). Acarbose, meglitinides, 
metformin, and second generation sulfonylureas had similarly minimal or 
no effect on HDL cholesterol levels. Combination therapy with metformin 
plus a second generation sulfonylurea did not differ in effect on HDL 
cholesterol levels from monotherapy with either of the 2 classes. 
 
Indirect comparisons and a few head-to-head comparisons showed that 
pioglitazone decreased TG levels (range 15-52 mg/dL) compared with 
rosiglitazone, which increased TG levels (range 6-13 mg/dL). Pioglitazone 
decreased TG levels more than metformin (about 26 mg/dL), and 
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decreases were similar compared with sulfonylureas. Metformin decreased 
TG levels more than second generation sulfonylureas and more than 
metformin plus rosiglitazone (about 10 mg/dL). Metformin plus a second 
generation sulfonylurea decreased TG levels more than sulfonylurea 
monotherapy (about 30 mg/dL) and produced a statistically nonsignificant 
decrease in TG levels compared with metformin monotherapy. Second 
generation sulfonylureas had similar effects on TG levels compared with 
acarbose and repaglinide. 
 
Most agents other than metformin increased body weight by 1 to 5 kg. 
 
Metformin, sulfonylureas and thiazolidinediones had similarly minimal 
effects on systolic and diastolic blood pressure (<5 mm Hg).  
 
Sulfonylureas and repaglinide were associated with greater risk for 
hypoglycemia, thiazolidinediones with greater risk for heart failure, and 
metformin with greater risk for gastrointestinal problems compared to 
other oral antidiabetic agents. Lactic acidosis was no more common in 
metformin recipients without comorbid conditions that in recipients of 
other oral antidiabetic agents. 

Matthews et al40 

 
Pioglitazone 15 mg 
QD titrated to 45 mg 
QD if tolerated in 
addition to current 
metformin dose 
 
vs 
 
gliclazide* 80 mg QD 
mg titrated to 320 mg 
QD if tolerated in 
addition to current 
metformin dose 
 
Medications 

DB, RCT 
 
Patients with type 2 
diabetes poorly 
controlled (HbA1c 
7.5%-11%) with 
metformin 
monotherapy 
 
Baseline HbA1c was 
8.71% for 
pioglitazone and 
8.53% for gliclazide*. 
 
 

N=630 
 

12 months 

Primary: 
Effect on HbA1c 
 
Secondary: 
Effect on FPG, 
insulin, lipoproteins, 
and C-peptide 

Primary: 
Similar reductions in HbA1c were observed in pioglitazone- (–0.99%) and 
gliclazide*-treated groups (–1.01%; P=0.837). 
 
Secondary: 
Similar reductions in FPG were observed in pioglitazone- (–2.1 mmol/L) 
and gliclazide*- (–1.6 mmol/L) treated groups (P=0.506). 
 
Gliclazide* significantly reduced LDL cholesterol compared to 
pioglitazone (–4.2 mg/dL vs +10.4 mg/dL; P=0.001). 
 
Pioglitazone significantly reduced TG (–53.1 vs –19.5 mg/dL; P<0.001) 
and increased HDL cholesterol (6.9 mg/dL vs no change; P<0.001) 
compared to gliclazide*. 
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administered were not 
in a fixed-dose 
combination product. 
Charbonnel et al41  
 
Pioglitazone 15 mg 
QD titrated to 45 mg 
QD if tolerated in 
addition to current 
metformin dose 
 
vs 
 
gliclazide* 80 mg QD 
mg titrated to 320 mg 
QD if tolerated in 
addition to current 
metformin dose 
 
Medications 
administered were not 
in a fixed-dose 
combination product. 
This was a 12 month 
extension of the trial 
conducted by 
Matthews et al. 

DB, RCT 
 
Patients with type 2 
diabetes poorly 
controlled (HbA1c 
7.5%-11%) with 
metformin 
monotherapy 
 
Baseline HbA1c was 
8.71% for 
pioglitazone and 
8.53% for gliclazide*. 
 
 

N=630 
 

24 months 

Primary: 
Effect on HbA1c 
 
Secondary: 
Effect on FPG, 
insulin, lipoproteins, 
and C-peptide 

Primary: 
Similar reductions in HbA1c were observed with pioglitazone add-on 
therapy (–0.89%) and with gliclazide* add-on therapy  
(–0.77%; P=0.200) after 2 years. 
 
Secondary: 
Significant reductions in FPG were observed with pioglitazone add-on 
therapy (–1.8 mmol/L) compared to gliclazide* add-on therapy (–1.1 
mmol/L; P<0.001) after 2 years. 
 
Gliclazide* add-on therapy had significantly reduced LDL cholesterol 
compared to pioglitazone add-on therapy (–6 mg/dL vs +2 mg/dL; 
P<0.001). 
 
Pioglitazone add-on therapy significantly reduced TG (–23 vs –7 mg/dL; 
P<0.001) and increased HDL cholesterol (22 mg/dL vs 7 mg/dL; 
P<0.001) compared to gliclazide* add-on therapy. 
 
No significant difference between treatment groups in number of adverse 
events or discontinuation due to adverse events was reported.  
 
Less weight gain was observed with gliclazide* add-on therapy to 
metformin (1.2 kg) compared to pioglitazone add-on therapy (2.5 kg; no P 
value reported). 

Hanefeld et al42 
 
Pioglitazone 15-45 
mg/day 
 
vs 
 
metformin 850 mg-
2,250 mg/day 
 

DB, MC, PG, RCT 
 
Patients with type 2 
diabetes inadequately 
controlled on 
sulfonylurea 
monotherapy 

N=639 
 

12 months 

Primary: 
Change in HbA1c 
 
Secondary: 
FPG, FPI, lipids, 
urinary albumin and 
creatinine (to 
determine albumin-to-
creatinine ratio) 

Primary: 
HbA1c was reduced by 1.20% and 1.36% in the pioglitazone and 
metformin groups, respectively (P=0.065 for differences between 
treatments). 
 
Secondary: 
FPG (P=0.528) and FPI (P=0.199) were also reduced but the between-
treatment differences were not statistically significant.  
 
Pioglitazone addition to sulfonylurea significantly reduced TG (–16% vs –
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Patients continued on 
their sulfonylurea 
therapy (primarily 
gliclazide*, 
glimepiride, and 
glyburide). 

9%; P=0.008) and increased HDL cholesterol (14% vs 8%; P<0.001) 
compared with metformin addition. 
 
LDL cholesterol was increased 2% by the addition of pioglitazone and 
decreased 5% by the addition of metformin to sulfonylurea monotherapy 
(P<0.001). 
 
Urinary albumin-to-creatinine ratio was reduced by 15% in the 
pioglitazone group and increased 2% in the metformin group (P=0.017).  
 
Both combinations were well tolerated with no evidence of hepatic or 
cardiac toxicity in either group.  

Study abbreviations: AHRQ=Agency for Healthcare Research and Quality, CI=confidence interval, DB=double-blind, HR=hazard ratio, MA=meta-analysis, MC=multicenter, OL=open-label, OR=odds 
ratio, OS=observational study, PC=placebo-controlled, PG=parallel-group, PM=post marketing, PRO=prospective, RCT=randomized controlled trial, RETRO=retrospective, RR=relative risk 
Miscellaneous abbreviations: ACS=acute coronary syndrome, ADOPT=A Diabetes Outcomes Progression Trial, BMI=body mass index, CAD=coronary artery disease, CHF=congestive heart failure, 
CRP=C-reactive protein, DREAM= Diabetes REduction Assessment with ramipril and rosiglitazone Medication, FFA=free fatty acids, FPG=fasting plasma glucose, FPI=fasting plasma insulin, 
GI=gastrointestinal, HbA1c=glycosylated hemoglobin A1c, HDL=high-density lipoprotein, HOMA=homeostasis model assessment, HOMA-B=homeostasis model assessment of β-cell function, HOMA-
S=homeostasis model assessment of insulin sensitivity, LDL=low-density lipoprotein, MI=myocardial infarction, NYHA=New York Heart Association, PPG=postprandial glucose, PPI=postprandial 
insulin, PROactive=PROspective pioglitAzone Clinical Trial In macroVascular Events, RECORD=Rosiglitazone Evaluated for Cardiovascular Outcomes and Regulation of glycemia in Diabetes, 
TC=total cholesterol, TG=triglycerides
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Additional Evidence 
 
Dose Simplification  
Vanderpoel at al43 investigated the adherence rates with the combination fixed-dose rosiglitazone and metformin 
compared to monotherapy or concomitant administration of the individual components. Prescription claims for 
16,929 type 2 diabetics were analyzed for a 12-month time period. Adherence pre- and postindex was measured 
by a medication possession ratio, a proxy measurement to determine adherence. The study included a 6-month 
preindex and 6-month postindex time period. The index date was defined as the first fill date for a fixed-dose 
rosiglitazone and metformin prescription product. A total of 1,357 subjects received concomitant therapy with 
rosiglitazone and metformin and 127 switched to the fixed-dose combination product. Compared to the preindex 
period for concomitant administration of the individual components, the fixed-dose combination product had a 
significant increase in the medication possession ratio (+4.8; P<0.005). There was no significant difference in pill 
burden, insulin use rate or nonstudy oral hyperglycemic agents between the two groups. This study did not 
investigate the clinical impact of increased adherence on glycemic control.  
 
Stable Therapy  
An evidence-based medicine literature search did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
An evidence-based medicine literature search did not reveal data pertinent to this topic. 

 
 IX. Cost 

 
A “relative cost index” is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For branded products with little 
or no recent utilization data, the average cost per prescription is calculated by the average wholesale price (AWP) 
and the standard daily dosing per product labeling. For generic products with little or no recent utilization data, the 
average cost per prescription is calculated by the Alabama Medicaid maximum allowable cost (MAC) and the 
standard daily dosage per product labeling. Please note that the relative cost index does not factor in additional 
cost offsets available to the Alabama Medicaid program via pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 

 
Relative Cost Index Scale  
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 
Rx=prescription 

 
Table 12.  Relative Cost of the Combination Thiazolidinediones 

Generic Name Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 
pioglitazone and glimepiride tablet Duetact® $$$$ N/A 
pioglitazone and metformin tablet Actoplus Met® $$$$ N/A 
rosiglitazone and glimepiride tablet Avandaryl® $$$$ N/A 
rosiglitazone and metformin tablet Avandamet® $$$$ N/A 
No generic products are available in this class.  
N/A=not available. 

 
X. Conclusions  

 
The combination thiazolidinedione products combine two agents with different mechanisms of action to help 
achieve glycemic control. Both pioglitazone and rosiglitazone are available as a fixed-dose combination product 
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with glimepiride and metformin. All of the components of the fixed-dose combination products are commercially 
available and one of the components in each product is available in a generic formulation. In general, the fixed-
dose combination products were bioequivalent to concurrent administration of the separate components.4-7 
 
While the national and international consensus guidelines address the role of combination therapy with 
thiazolidinediones for the management of type 2 diabetes, only the guideline by the AACE addresses the use of 
fixed-dose combination products.14  A thiazolidinedione in combination with metformin or a secretagogue 
(sulfonylurea), either administered as separate components or a single pill, is one of the treatment options for 
patients with type 2 diabetes mellitus naïve to pharmacologic therapy and HbA1c levels are 7%-8%. These 
combination therapies are also considered appropriate for patients being treated pharmacologically. At this time, 
the national and international guidelines do not give preference to one thiazolidinedione versus the other; however, 
the ACE/AACE 2007 guideline cites the report by Nissen et al23 of a possible link of rosiglitazone to 
cardiovascular events “that requires further evaluation”.15 A recent update to the ADA/EASD consensus guidelines 
lists “potential increase myocardial infarction” and atherogenic lipid profile as disadvantages of rosiglitazone with 
improved lipid profile and “potential decrease myocardial infarction” as advantages of pioglitazone.13 The update 
also recommends greater caution in selecting the thiazolidinediones, especially in patients at risk of, or with, 
congestive heart failure. 
 
Metformin, second generation sulfonylureas and thiazolidinediones produced similar reductions in HbA1c 
(approximately 1%) compared with one another as monotherapy, and combination therapies were more effective 
in reducing HbA1c than monotherapies.39 Most of the studies that evaluated combination therapy administered the 
medications as add-on agents and not as fixed-dose combination products. The majority of the published studies 
that evaluated a fixed-dose regimen were with the rosiglitazone products. The addition of pioglitazone or 
rosiglitazone to metformin therapy significantly reduced HbA1c and fasting plasma glucose (FPG) levels compared 
to metformin monotherapy.26-34 Glimepiride added to pioglitazone or rosiglitazone therapy significantly reduced 
HbA1c and FPG compared to monotherapy.35-38 Rosiglitazone-glimepiride and rosiglitazone-metformin fixed-dose 
combination products also improved glycemic control in drug-naïve type 2 diabetics without significant adverse 
events.27-28,36 In limited trials comparing add-on therapy with either pioglitazone or rosiglitazone to glimepiride or 
metformin, the pioglitazone combinations had a more favorable effect on lipoproteins than the rosiglitazone 
combinations.34,38 Currently, there is insufficient evidence directly comparing concomitant therapy with the 
individual agents to fixed-dose combination products to conclude that combination products are safer or more 
effective than administration of the separate components. One trial did demonstrate increased adherence with 
fixed-dose combination rosiglitazone and metformin; however, clinical outcomes were not measured in this trial.42  
 
Both pioglitazone and rosiglitazone may cause or exacerbate congestive heart failure in some patients and both 
agents carry a black box warning regarding this adverse event.4-7 Recently, this black box warning was expanded 
for rosiglitazone to include a potential risk for myocardial ischemia.8 Thus far, pioglitazone has not been 
associated with an increased risk of myocardial ischemic events.9,10 Glimepiride, the sulfonylurea component of 
the combination products, carries a special warning regarding an increased risk of cardiovascular mortality when 
compared to treatment with diet alone or diet plus insulin. Whether the addition of glimepiride or metformin to 
thiazolidinedione therapy has any impact on these risks has not yet been determined. Metformin carries a black 
box warning regarding lactic acidosis, a rare but potentially serious medical condition. 
 
At this time, there is insufficient data to conclude that one brand combination thiazolidinedione is safer or more 
efficacious than another and offers a significant clinical advantage over other alternatives in general use. 
  

XI. Recommendations 
  

No brand combination thiazolidinedione is recommended for preferred status. Alabama Medicaid should accept 
cost proposals from manufacturers to determine cost effective products and possibly designate one or more 
preferred brands. 
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Appendix 
 

Alabama Medicaid Agency 
Pharmacy and Therapeutics Committee Meeting 
Pharmacologic Management of Diabetes Mellitus 

February 20, 2008 
 

 
I. Overview 

 
Diabetes mellitus is a collection of diseases of abnormal carbohydrate metabolism associated with impairment in 
insulin secretion, along with varying degrees of resistance to the action of insulin in peripheral tissue.1-2 The 
disorders result in hyperglycemia.1 Diabetes mellitus is often classified as either type 1 or type 2 diabetes. 
However, patients may also present with other forms, such as gestational diabetes or drug-induced diabetes.2 
Diagnosis of type 1 or 2 diabetes is based upon pathogenesis and clinical presentation, rather than age of onset. 
Most patients with diabetes, 90%-95% of the total, have type 2 disease, which can be associated with physical 
inactivity and other lifestyle characteristics.2 A diagnosis of type 2 diabetes is not dependent on plasma insulin 
levels, which may be decreased, increased, or normal. Glucose-stimulated secretion of endogenous insulin is 
frequently reduced, and decreased peripheral sensitivity to insulin is almost always associated with glucose 
intolerance. Obesity is often a confounder as it contributes to insulin resistance. In comparison, type 1 diabetes 
results from autoimmune destruction of the pancreatic β cell. Type 1 diabetes responds to insulin replacement 
therapy to restore deficient levels of endogenous insulin and temporarily restore the ability of the body to properly 
utilize carbohydrates, fats, and proteins.  
 
Nearly 16 million Americans (7% of the population) have diabetes, and there is likely one undiagnosed person for 
every two persons currently diagnosed with the disease.3 If uncontrolled, diabetes can result in macrovascular 
and/or microvascular complications. Diabetes is often associated with metabolic abnormalities such as obesity, 
hypertension, hyperlipidemia, and impaired fibrinolysis. 
 
Although type 1 diabetes is likely initiated by the exposure of a genetically susceptible individual to an 
environmental agent, type 2 diabetes is a heterogenous disorder with multiple risk factors. According to the 
American Diabetes Association (ADA) risk factors for the development of type 2 diabetes include:1 

 
• Age ≥45 years 
• Overweight (body mass index [BMI] ≥25 kg/m2) 
• Habitual physical inactivity 
• Family history (parents or siblings with diabetes) 
• Race/ethnicity (Native Americans, Hispanic Americans, Asian Americans, African Americans and 

Pacific Islanders) 
• History of gestational diabetes or delivery of a baby >9 pounds 
• Hypertension (≥140/90 mm Hg) 
• High-density lipoprotein (HDL) cholesterol ≤35 mg/dL and/or triglycerides ≥250 mg/dL 
• Previously identified impaired glucose tolerance or impaired fasting glucose 
• Polycystic ovary disease 
• History of vascular disease 

 
Proper treatment, both pharmacological and nonpharmacological with lifestyle modifications, can reduce 
cardiovascular mortality, reduce mortality from other diabetic complications, and help diabetic patients live 
healthier, longer lives. 
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II. Evidence-Based Medicine and Current Treatment Guidelines 
 
United Kingdom Prospective Diabetes Study (UKPDS) 
 
The UKPDS diabetes initiative, started in 1977, was a multicenter, randomized, controlled intervention trial 
comparing conventional diet-based blood glucose control therapy to intensive pharmacotherapy with a 
sulfonylurea, insulin, or metformin. The primary goal of the study was to determine if glycemic control in type 2 
diabetes prevents diabetic complications and associated morbidity and mortality. The study included various 
subsets, which analyzed the efficacy of blood pressure control and combination pharmacotherapy regimens. 
Results from the trial were published in 1998 and involved 3,867 newly diagnosed type 2 diabetic patients.4 The 
study provided strong evidence in support of intensive blood glucose and blood pressure management in patients 
with type 2 diabetes.  
 
Full results of the five-year poststudy monitoring period have not yet been published. Preliminary data reported in 
August 2003 at the International Diabetes Federation Scientific Meeting in Paris included the following results:5 

• Most patients were receiving insulin treatment by the end of the poststudy monitoring period, but only a 
quarter of the patients had attained the target glycosylated hemoglobin (HbA1c) level of <7.0%. 

• A significantly reduced rate of any diabetes-related endpoint (eg, myocardial infarction, stroke, renal 
failure, retinopathy, death from high or low blood sugars) was associated with participation in the 
intensive pharmacotherapy group. 

• A reduced risk of diabetes-related death was associated with participation in the intensive 
pharmacotherapy group. 

• The benefit of intensive therapy on fatal or nonfatal myocardial infarction was indeterminate during the 
study, but had become statistically significant during poststudy monitoring. 

• During the poststudy monitoring period, the percentage of patients taking 3 or more antihypertensive 
medications doubled, but only 1 in 6 patients achieved a blood pressure of <130/80 mm Hg. 

• Compared to conventional therapy, metformin use in overweight patients led to substantially reduced 
risks for the following: any diabetes-related endpoint, all-cause mortality, diabetes-related death, and 
myocardial infarction. These results were calculated using the original study data; in the poststudy 
monitoring period, the risk reductions were attenuated but remained significant.6 

• In the original study, all-cause mortality and diabetes-related deaths were unexpectedly increased in 
patients taking combination sulfonylurea plus metformin therapy compared with sulfonylurea 
monotherapy. These differences were not evident at the end of the poststudy monitoring period. 

• During the UKPDS, patients in the tight blood pressure control group were determined to have reduced 
risk for any diabetes-related endpoint, diabetes-related deaths, strokes, and microvascular complications. 
At the end of the poststudy monitoring period, the relative risk reductions for any diabetes-related 
endpoint, diabetes-related deaths, and strokes were not statistically significant. However, for 
microvascular disease, a significant but attenuated risk reduction remained.7  

 
Subset studies from UKPDS have been published regarding other important data in the treatment of type 2 diabetic 
patients. In addition, the Diabetes Control and Complications Trial (DCCT), the “sister” study to UKPDS for type 
1 diabetes, produced similar results, supporting intensive treatment for this patient population as well. Brief 
descriptions are provided in Table 1.  
 

Table 1.  Additional Studies 
Study Sample Results 

UKPDS 138 N=2,520 
Patients with type 2 

diabetes 
 

Trial duration was 3 
years. 

A comparison of the relative efficacy of randomly allocated diet, 
sulfonylurea, insulin, or metformin showed: 
• Mean fasting glucose concentrations were significantly lower at 3 years 

in patients allocated to chlorpropamide, glibenclamide*, or insulin 
rather than those treated with diet alone (7.0, 7.6, 7.4, and 9.0 mmol/L, 
respectively; P<0.001). 

• Mean body weight increased significantly with chlorpropamide, 
glibenclamide*, and insulin but not with diet (by 3.5, 4.8, 4.8, and 1.7 
kg, respectively; P<0.001). 
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Study Sample Results 
• In obese patients, metformin was as effective as the other drugs with no 

change in mean body weight and significant reduction in mean fasting 
plasma insulin concentration (P<0.001). 

• More hypoglycemic episodes occurred with sulfonylurea or insulin than 
with diet or metformin. 

UKPDS 249 N=458 
Patients with type 2 

diabetes uncontrolled with 
diet, and with 

hyperglycemic symptoms 
 

N=1,620 
Patients with type 2 

diabetes controlled with 
diet alone and no 

hyperglycemic symptoms 
 

The study lasted 6 years. 

In comparing therapy with a sulfonylurea, insulin and metformin in patients 
uncontrolled with diet: 
• Patients allocated to insulin had lower fasting plasma glucose levels 

than patients allocated to oral agents, while HbA1c remained similar. 
• By year 6, 51% of patients allocated to ultralente insulin required 

additional short-acting insulin and 66% of patients allocated to a 
sulfonylurea required additional therapy with metformin or insulin to 
control symptoms. 

• Patients in the insulin group gained more weight and had more 
hypoglycemic attacks than did patients given sulfonylureas. 

UKPDS 2810 N=591 
Patients with type 2 

diabetes, on maximum 
doses of sulfonylureas 

 
Study duration was 3 

years. 

In assessing the efficacy of the early addition of metformin in sulfonylurea-
treated patients with type 2 diabetes: 
• Fasting plasma glucose concentrations decreased by a mean –0.47 

mmol/L in the combination group, compared with an increase of 0.44 
mmol/L in patients on sulfonylurea alone (P<0.00001). 

• HbA1c levels were 7.5% and 8.1% for the combination versus 
sulfonylurea alone group, respectively (P=0.006). 

• Only 7% of those allocated to metformin plus sulfonylurea developed 
marked hyperglycemia compared to 36% of those allocated to 
monotherapy with a sulfonylurea (P<0.0001). 

UKPDS 346 N=1,704 
Overweight patients with 

type 2 diabetes, with 
raised fasting plasma 
glucose but without 

hyperglycemic symptoms 
 

Mean study duration was 
10.7 years. 

In assessing the efficacy of metformin on complications in overweight 
patients with type 2 diabetes: 
• Median HbA1c levels were 7.4% and 8.0%, respectively, for the 

metformin group compared with the conventional group. 
• The risk reduction observed with metformin versus conventional 

therapy was 32%, 42%, and 36% (P=0.002, P=0.017, P=0.011) for any 
diabetes-related endpoint, diabetes-related death, and all-cause 
mortality, respectively. 

• Metformin also showed a greater reduction than chlorpropamide, 
glibenclamide*, or insulin for any diabetes-related endpoint (P=0.0034), 
all-cause mortality (P=0.021), and stroke (P=0.032), respectively.  

UKPDS 387 N=1,148 
Hypertensive patients 
with type 2 diabetes 

 
Mean study duration was 

8.4 years. 

In assessing whether tight control of blood pressure prevents macrovascular 
and microvascular complications in patients with type 2 diabetes: 
• Mean blood pressure was significantly reduced in the group assigned 

tight control (144/82 mm Hg vs 154/87 mm Hg; P<0.0001). 
• Risk reductions of 24% (P=0.0046), 32% (P=0.019), 44% (P=0.013), 

and 37% (P=0.0092), respectively, for diabetes-related endpoints, 
deaths related to diabetes, strokes, and microvascular endpoints were 
observed in the tight control group. 

UKPDS 4911 N=4,075 
Patients with type 2 

diabetes 
 

Trial duration was 
approximately 9 years. 

In assessing how often diet alone, insulin, sulfonylurea, or metformin can 
achieve glycemic control targets: 
• Following 9 years of monotherapy with diet, insulin, or sulfonylurea, 

8%, 42%, and 24% of patients, respectively, achieved fasting plasma 
glucose levels <140 mg/dL and 9%, 28%, and 24% achieved HbA1c 
levels <7%.  

• Of patients randomized to metformin therapy, 18% attained fasting 
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Study Sample Results 
plasma glucose levels <140 mg/dL and 13% attained HbA1c levels <7%. 

• Patients less likely to achieve target levels were younger, more obese, or 
more hyperglycemic than other patients. 

DCCT12,13 N=1,441 
Patients with type 1 

diabetes, aged 13-29 years 
 

Overall trial duration was 
6.5 years. 

Patients were randomized to intensive treatment (3-4 insulin injections or 
continuous subcutaneous insulin infusion, plus home blood glucose 
monitoring) or conventional treatment (1-2 insulin injections plus home 
urine glucose testing and blood glucose testing). In evaluating the effect of 
hyperglycemia on the microvascular complications of type 1 diabetes: 
• Intensive treatment reduced the risks of retinopathy, nephropathy, and 

neuropathy by 35% to 90% compared to conventional treatment. 
• Absolute risks of retinopathy and nephropathy were proportional to the 

mean HbA1c over the follow-up period preceding the event. 
• Intensive treatment was most effective when begun early, before 

complications were detectable, and the rate of progression of 
complications remained less for the intensive group. 

• The benefits of intensive treatment extended well beyond the period of 
the most intensive implementation.  

*Synonym for glyburide  
 
Table 2.  Current Treatment Guidelines for Diabetes Mellitus  

World Health Organization (WHO)/International Diabetes Federation (IDF): Definition and Diagnosis of Diabetes 
Mellitus and Intermediate Hyperglycemia (2006)14 

 
Diabetes 

 
• Fasting plasma glucose ≥126 mg/dL (≥7.0 mmol/L) OR 
• 2-hour post glucose load ≥200 mg/dL (≥11.1 mmol/L)  

 
Impaired Glucose Tolerance (IGT) 
 

• Fasting plasma glucose <126 mg/dL (<7.0 mmol/L) AND 
• Plasma glucose 2-hour post glucose load ≥140 mg/dL (≥7.8 mmol/L) and <200 mg/dL (<11.1 mmol/L) 

 
Impaired Fasting Glucose (IFG) 

 
• Fasting plasma glucose 110–125 mg/dL (6.1-6.9 mmol/L) AND (if measured) 
• Plasma glucose 2-hour post glucose load <140 mg/dL (<7.8 mmol/L) 
 

American Diabetes Association (ADA): Standards of Medical Care in Diabetes—20082 

 
Classification 

 
In the ADA position statement, diabetes is differentiated into 4 main clinical classes:  

 
• Type 1 diabetes results from β-cell destruction, usually leading to absolute insulin deficiency. 
• Type 2 diabetes results from a progressive defect in insulin secretion coupled with insulin resistance. 
• Other specific types of diabetes can be caused by genetic defects in β-cell function, genetic defects in insulin 

action, diseases of the exocrine pancreas (eg, cystic fibrosis), and diabetes may also be drug- or chemical-
induced (eg, after an organ transplant, in the treatment of acquired immune deficiency syndrome). 

• Gestational diabetes mellitus (GDM) is diagnosed during pregnancy. 
 
In addition to the above classifications, impaired fasting glucose (IFG) or impaired glucose tolerance (IGT) has been 



 
 

397 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

officially termed “prediabetes” by the ADA and other organizations. Both IFG and IGT are risk factors for diabetes and 
cardiovascular disease and are defined as follows: 

• Impaired fasting glucose is a fasting plasma glucose (FPG) of 100–125 mg/dL. 
• Impaired glucose tolerance is a 2-hour plasma glucose of 140–199 mg/dL during an oral glucose tolerance test 

(OGTT). 
 
Recommendations for Screening 

 
Screening to detect prediabetes and diabetes should be considered for the groups listed below. Screening should be 
repeated every 3 years for adults and every 2 years for children. 

  
Adults 
 
All adults who are overweight (body mass index [BMI] >25 kg/m2) and have one of the following additional risk factors: 

• Physical inactivity 
• A first-degree relative with diabetes 
• Membership in a high-risk ethnic population (eg, African American, Latino, Native American, Asian American, 

Pacific Islander) 
• Previous delivery of a baby weighing >9 pounds, or a previous diagnosis of GDM 
• Hypertension (≥140/90 mm Hg or on therapy for hypertension) 
• High-density lipoprotein (HDL) cholesterol level <35 mg/dL and/or a triglyceride level >250 mg/dL  
• Polycystic ovarian syndrome (PCOS) 
• IGT or IFG on previous testing  
• Other clinical conditions associated with insulin resistance (eg, acanthosis nigricans, severe obesity) 
• A history of cardiovascular disease 

 
In the absence of the above criteria, testing for prediabetes and diabetes should begin at age 45 years. 
 
Children 
 
Screening is recommended for overweight children (BMI >85th percentile for age and sex, weight for height >85th 
percentile or weight >120% of ideal weight for height) with 2 or more of the following risk factors: 

• Family history of type 2 diabetes in a first- or second-degree relative 
• Membership in a high-risk ethnic population (eg, African American, Latino, Native American, Asian American, 

Pacific Islander) 
• Signs of insulin resistance or clinical conditions associated with insulin resistance (eg, PCOS, acanthosis 

nigricans, hypertension, dyslipidemia) 
• Maternal history of diabetes or GDM 

 
Screening should be considered starting at 10 years or at the onset of puberty, whichever is earlier and repeated every 2 
years. 

 
Screening During and After Pregnancy 
 
Screening should be considered for pregnant women with clinical characteristics consistent with a high risk for GDM, 
including: 

• Severe obesity 
• Prior history of GDM, or previous delivery of an infant large for its gestational age 
• Glycosuria 
• PCOS 
• A strong family history of type 2 diabetes 

 
Women with GDM should be rescreened 6-12 weeks postpartum. 
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Diagnosis 
 
A diagnosis of diabetes is established in the following scenarios:  
 
• When the patient has symptoms of hyperglycemia plus a casual plasma glucose concentration ≥200 mg/dL. 

Symptoms of hyperglycemia include polyuria, polydipsia and unexplained weight loss. Casual is defined as any time 
of day without regard to time since last meal. 

OR 
• If the patient has fasting plasma glucose (FPG) ≥126 mg/dL. Fasting is defined as no caloric intake for ≥8 hours. 

OR 
• If the patient has a 2-hour plasma glucose ≥200 mg/dL during an oral glucose tolerance test (OGTT) performed in 

accordance with the WHO guidelines, utilizing an equivalent of 75 g anhydrous glucose dissolved in water. 
 
In the absence of unequivocal hyperglycemia, repeat testing on a different day to confirm results. 
 
Glycemic Goals 

 
• HbA1c: <7%  
• Preprandial plasma glucose: 70-130 mg/dL 
• Peak postprandial plasma glucose: <180 mg/dL 

 
HbA1c is the primary target for glycemic control. Glycemic goals should be individualized and some populations may 
require special consideration. For selected patients, the HbA1c goal is as close to normal (<6%) as possible without 
significant hypoglycemia. Less stringent treatment goals may be appropriate for patients with a history of severe 
hypoglycemia, patients with limited life expectancies, children, individuals with comorbid conditions and those with 
longstanding diabetes and minimal or stable microvascular complications.  

 
Treatment of Type 1 Diabetes 
 
Recommended therapy consists of the following components:  

• Use of multiple dose insulin injections (3-4 injections per day of basal and prandial insulin) or continuous 
subcutaneous insulin infusion therapy; 

• Matching of prandial insulin to carbohydrate intake, premeal blood glucose and anticipated activity; and 
• For many patients (especially if hypoglycemia is a problem), use of insulin analogs. 

 
Treatment of Type 2 Diabetes 
 
Please see the following guideline by the American Diabetes Association (ADA)/European Association for the Study of 
Diabetes (EASD): Management of Hyperglycemia in Type 2 Diabetes: A Consensus Algorithm for the Initiation and 
Adjustment of Therapy (2006)15 and the consensus statement update by the ADA/EASD: Management of Hyperglycemia 
in Type 2 Diabetes Mellitus: A Consensus Algorithm for the Initiation and Adjustment of Therapy: Update Regarding the 
Thiazolidinediones (2008)16.  
 
Prevention/Delay of Type 2 Diabetes 

 
• Metformin should be the only drug considered for use in diabetes prevention. For other drugs, the issues of side 

effects and lack of persistence of effect in some studies led the panel to not recommend their use for diabetes 
prevention.  

• In addition to lifestyle counseling, metformin may be considered in those who are at very high risk (combined 
IFG and IGT plus other risk factors) and who are obese and under 60 years of age. 
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American Diabetes Association (ADA)/European Association for the Study of Diabetes (EASD): Management of 
Hyperglycemia in Type 2 Diabetes: A Consensus Algorithm for the Initiation and Adjustment of Therapy (2006)15 

 
Glycemic Goals  

 
• The primary goal of therapy is achieving and maintaining glucose levels as close to the nondiabetic range as 

possible. 
• HbA1c should be lowered to as close to the nondiabetic range as possible or, at a minimum, decreasing the HbA1c 

to <7%. 
 

Preprandial and postprandial glucose goals were not outlined within this consensus statement. 
 

Principles in Selecting Antihyperglycemic Interventions 
 

• There is insufficient data to support recommending one class of agents or a combination of medications over 
other classes or combinations with regards to effects on complications.  

• Effects on long-term complications appear to be predicated on the level of glycemic control rather than specific 
attributes of the intervention to achieve glycemic goals.  

• The beneficial and detrimental nonglycemic effects of medications such as changes in body mass, insulin 
resistance, hypertension, etc, were considered important and included in the consensus recommendations.  
 

Treatment Algorithm 
 

Step 1: Lifestyle Intervention and Metformin 
• Lifestyle intervention consisting of weight loss and increased levels of activity should be initiated as the first step 

in treating new-onset type 2 diabetes.  
• Metformin should be initiated, along with lifestyle intervention, as the initial pharmacologic therapy in the 

absence of specific contraindications, when lifestyle intervention fails to achieve or maintain metabolic goals.  
 

Step 2: Additional Medications 
• If lifestyle intervention and maximally tolerated doses of metformin fail to achieve glycemic goals, another 

medication should be added within 2-3 months of therapy initiation or whenever HbA1c goal is not achieved.  
• Second-line pharmacologic therapies may include a thiazolidinedione, a sulfonylurea, or insulin.  
• Consideration of insulin as the second-line therapy should be given when HbA1c>8.5%, or with symptomatic 

hyperglycemia. 
 

Step 3: Further Adjustments 
• If lifestyle intervention, metformin, and a second medication fail to achieve glycemic goals, insulin therapy 

should be initiated or intensified.  
• If HbA1c is <8.0%, a third oral agent could be considered in lieu of insulin; however, this is potentially not as 

effective as adding or intensifying insulin. 
• When rapid-acting or short-acting insulins are started, insulin secretagogues (sulfonylureas or meglitinides) 

should be discontinued, or tapered and then discontinued.  
 

The guideline states that pramlintide, exenatide, α-glucosidase inhibitors, and meglitinides were not included in the 
treatment algorithm due to their generally lower overall glucose-lowering effectiveness and limited clinical data. 
However, these agents may be appropriate in selected patients.  

 
Specific Combinations of Medications  

 
• When more than one antihyperglycemic medication is used, the synergy of particular combinations and other 

interactions should be considered. 
• Insulin in combination with metformin or in combination with a thiazolidinedione is particularly effective in 

lowering HbA1c.  
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• The combination of a thiazolidinedione and metformin has modest additive effects in lowering HbA1c. 
 

Special Considerations/Patients 
 

• In severely uncontrolled diabetes (defined as fasting plasma glucose levels >250 mg/dL; random glucose levels 
consistently >300 mg/dL; HbA1c >10%; presence of ketonuria; or as symptomatic diabetes with polyuria, 
polydipsia, and weight loss), insulin therapy in combination with lifestyle intervention therapy is the treatment of 
choice.  

• After symptoms are relieved, oral agents may be added and it is possible that therapy with insulin may be 
withdrawn if desired. 
 

American Diabetes Association (ADA)/European Association for the Study of Diabetes (EASD): Management of 
Hyperglycemia in Type 2 Diabetes Mellitus: A Consensus Algorithm for the Initiation and Adjustment of 
Therapy: Update Regarding the Thiazolidinediones (2008)16 

 
Thiazolidinediones 
 

• Thiazolidinediones remain at step 2 as one of the three recommended choices (the other two being insulin and 
sulfonylureas) that should be added to metformin and lifestyle modifications if target HbA1c levels are not being 
achieved. However, it is recommended that greater caution be exercised prior to selecting a thiazolidinedione 
especially in patients at risk for, or with, congestive heart failure. 

• Sitagliptin was added to the list as an alternative therapy, but it is not mentioned specifically within the treatment 
algorithm. 

 

American Association of Clinical Endocrinologists (AACE): Medical Guidelines for Clinical Practice for the 
Management of Diabetes Mellitus (2007)17 

 
Patients should be encouraged to achieve glycemic levels as near to normal as possible without inducing clinically 
significant hypoglycemia. Glycemic targets include:  
 

• HbA1c ≤6.5% 
• Fasting plasma glucose (FPG) <110 mg/dL 
• 2-hour postprandial glucose (PPG) <140 mg/dL 

 
Patients should be referred for comprehensive diabetes self-management education. 
 
Patients should initiate self-monitoring of blood glucose levels. 
 
Patients With Type 1 Diabetes Mellitus 
 

Initiate intensive insulin therapy 
 
• A long-acting insulin analog in combination with a rapid-acting insulin analog or inhaled insulin at meals 
• Continuous subcutaneous insulin infusion with insulin pump 

 
Patients With Type 2 Diabetes Mellitus Naïve to Pharmacologic Therapy 

 
HbA1c Levels 6%-7% 
 

• If HbA1c levels are 6%-7%, initiate monotherapy with: metformin, thiazolidinediones, secretagogues 
(sulfonylureas or meglitinides), dipeptidyl peptidase-4 inhibitors, or α-glucosidase inhibitors.  

• Monitor/titrate the selected medication and consider combination therapy if glycemic goals are not met at the 
end of 2-3 months. 



 
 

401 
 

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services for MedMetrics Health Partners, Inc. 

HbA1c Levels 7%-8% 
 
If HbA1c levels are 7%-8%, initiate combination therapy with one of the following combinations:  
 

• Secretagogue plus metformin 
• Secretagogue plus thiazolidinedione 
• Secretagogue plus α-glucosidase inhibitor 
• Thiazolidinedione plus metformin 
• Dipeptidyl peptidase-4 inhibitor plus metformin 
• Dipeptidyl peptidase-4 inhibitor plus thiazolidinedione 
• Secretagogue plus metformin plus thiazolidinedione 
• Fixed-dose (single pill) thiazolidinedione plus metformin 
• Fixed-dose (single pill) thiazolidinedione plus secretagogue 
• Fixed-dose (single pill) secretagogue plus metformin 

 
Rapid-acting insulin analogs or premixed insulin analogs may be used in special situations. Inhaled insulin may be used 
as monotherapy or in combination with oral agents and long-acting insulin analogs. All oral medications may be 
combined with insulin.  
 
HbA1c Levels 8%-10% 
 

• If HbA1c levels are 8%-10%, initiate/intensify combination therapy to address fasting and postprandial glucose 
levels. 

 
HbA1c Levels >10% 
 

• If HbA1c levels are >10%, initiate/intensify insulin therapy with: rapid-acting insulin analog or inhaled insulin 
with long-acting insulin analog or NPH or via use of premixed insulin analogs. 

 
Patients With Type 2 Diabetes Mellitus Currently Treated Pharmacologically 

 
• The combination therapies listed for patients naïve to therapy are appropriate for patients being treated 

pharmacologically. Additionally, exenatide may be combined with approved oral therapies (secretagogues, 
metformin, secretagogues plus metformin, and thiazolidinediones) in patients who have not achieved glycemic 
goals. Pramlintide may be used in combination with prandial insulin. 

• If HbA1c levels are 6.5%-8.5% despite maximum combination therapy (oral-oral, oral-exenatide), add insulin. 
• If HbA1c levels are >8.5%, consider initiating basal-bolus insulin therapy. 

 

American College of Endocrinologists (ACE)/American Association of Clinical Endocrinologists (AACE), Diabetes 
Road Map Task Force: Road Maps to Achieve Glycemic Control in Type 2 Diabetes (2007)18 

 
The ACE/AACE Road Maps to Achieve Glycemic Control in Type 2 Diabetes are intended as aids to assist clinicians in 
achieving the glycemic control recommendations discussed in other ACE/AACE guidelines (see above).  

 
ACE Glycemic Goals 
 

• HbA1c ≤6.5% 
• Fasting plasma glucose (FPG) <110 mg/dL 
• Preprandial glucose <110 mg/dL 
• 2-hour postprandial glucose (PPG) <140 mg/dL 
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Patients Naïve to Therapy 

Initial HbA1c Intervention 

6%-7% Initial therapy preferred: metformin, thiazolidinediones, α-glucosidase inhibitors, or dipeptidyl 
peptidase-4 (DPP-4) inhibitors (Note: the road map cites a recent report [NEJM; 6/14/07] that 
suggests a possible link of rosiglitazone to cardiovascular events and requires further 
evaluation.) 
Alternatives: meglitinides, low-dose sulfonylureas, or prandial insulin (rapid-acting insulin 
analog [available as lispro, aspart and glulisine], inhaled insulin or regular insulin; analog 
preparations are preferred) 
 
If inadequate response following 2-3 months of adjustment: intensify lifestyle modifications, 
and intensify or combine medications including potential use of incretin mimetic (exenatide).  

 (Note: an incretin mimetic is indicated for patients not at goal despite therapy with a 
sulfonylurea and/or metformin or a thiazolidinedione; an incretin mimetic is not indicated for 
insulin using patients.) 

 
7%-8% Combine therapies: metformin, meglitinides, α-glucosidase inhibitors, thiazolidinediones, 

sulfonylureas, or DPP-4 inhibitors; 2 or more agents may be required. 
Alternatives: prandial insulin, premixed insulin preparations (analogs preferred), or basal 
insulin analogs (available as glargine and detemir) 
 
If inadequate response following 2-3 months of adjustment: intensify lifestyle modifications 
and intensify or combine medications including potential use of incretin mimetic with 
sulfonylureas, thiazolidinediones and/or metformin.  
 

8%-9% Combination therapies with metformin, thiazolidinediones, sulfonylureas, meglitinides, DPP-4 
inhibitors, basal insulin analogs, prandial insulin, premixed insulin preparations, NPH, or other 
approved combinations 
 
If inadequate response following 2-3 months of adjustment: intensify lifestyle modifications 
and intensify or combine medications including potential use of prandial insulin, incretin 
mimetic, or amylin analog (with prandial insulin). 
 

9%-10% Combination therapies with metformin, thiazolidinediones, sulfonylureas, meglitinides, basal 
insulin analogs, prandial insulin, premixed insulin preparations, NPH, or other approved 
combinations 
 
If inadequate response following 2-3 months of adjustment: intensify lifestyle modifications 
and initiate/intensify insulin therapy or add incretin mimetic. 
 

>10% Basal insulin analog, NPH plus prandial insulin, or premixed insulin preparations; for selected 
patients, certain oral agent combinations may be effective; insulin sensitizers may be combined 
with initial insulin therapy 
 
If inadequate response following 2-3 months of adjustment: intensify lifestyle modifications. 
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Treated Patients 

Initial HbA1c Current Therapy Intervention 

<6.5% Monotherapy or combination 
therapy 

 

• Continue current therapy if ACE glycemic goals are 
met 

• Adjust therapy as needed to meet ACE, FPG and PPG 
goals 

 
Continue to monitor and adjust medications to meet goals. 
 

6.5%-8.5% Monotherapy with meglitinides, 
sulfonylureas, α-glucosidase 
inhibitors, metformin, 
thiazolidinediones, DPP-4 
inhibitors, premixed insulin 
preparations, prandial or basal 
insulin 

Intensify lifestyle modification and initiate combination 
therapy: 
• Metformin plus sulfonylurea or meglitinide 
• Metformin plus thiazolidinedione or α-glucosidase 

inhibitor 
• Thiazolidinedione plus sulfonylurea 
• DPP-4 inhibitor plus metformin 
• DPP-4 inhibitor plus thiazolidinedione 
• Incretin mimetic plus metformin and/or sulfonylurea 
• Incretin mimetic plus metformin and/or 

thiazolidinedione 
  • Basal or premixed insulin preparations (analog 

preparations preferred) 
• Amylin analog with prandial insulin 
• Other approved combinations including approved oral 

agents with insulin 
 
Continue to monitor and adjust medications to meet goals. 
 

6.5%-8.5% Combination therapy with 
meglitinides, sulfonylureas, 
DPP-4 inhibitors, α-glucosidase 
inhibitors, metformin, 
thiazolidinediones, incretin 
mimetic, premixed insulin 
preparations, prandial or basal 
insulin 

Intensify lifestyle modification and maximize combination 
and/or insulin therapy: 
• Add or increase basal insulin if FPG is elevated 
• Add or increase prandial insulin if PPG is elevated 
• Add or intensify basal plus prandial or premixed 

insulin therapy if both FPG and PPG are elevated 
• Combine with approved oral agents 
• Amylin analog with prandial insulin  
• Add incretin mimetic to patients on sulfonylureas, 

thiazolidinediones, and/or metformin. 
 
Continue to monitor and adjust medications to meet goals. 
 

>8.5% Monotherapy or combination 
therapy 

Intensify lifestyle modification and initiate insulin therapy 
(basal-bolus). 
• Basal plus prandial insulin 
• Premixed insulin preparations 
• Combine with approved oral agents 
 
Continue to monitor and adjust medications to meet goals. 
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Prevention of Type 2 Diabetes 

• Early identification 
 

• Lifestyle modification intervention  

• Pharmacologic intervention (not FDA approved) Thiazolidinedione, metformin, orlistat, α-glucosidase 
inhibitors 
 

International Diabetes Federation (IDF) Clinical Guidelines Task Force: Global Guideline for Type 2 Diabetes 
(2005)19 

 
Diagnosis 

 
• Diagnosis should be based on the 1999 WHO criteria (note: WHO criteria updated in 2006). 
• An oral glucose tolerance test (OGTT) should be performed in high-risk individuals with fasting plasma glucose 

levels between 100-126 mg/dL. 
• If a random plasma glucose test result is 100-200 mg/dL, repeat with an OGTT or fasting test. 

 
Treatment 

 
Lifestyle Management 

• Nutrition therapy and physical activity training should be incorporated into diabetes self-management programs. 
 

Oral Therapy 
• Metformin should be considered first-line therapy unless contraindicated. 
• Sulfonylureas should be considered when metformin fails or as first-line therapy in nonoverweight patients. 
• When glucose concentrations are not controlled to target levels, peroxisome proliferator-activated receptor 

(PPAR)-γ agonists (thiazolidinediones) may be added to metformin as an alternative to sulfonylureas, added to a 
sulfonylurea when metformin is contraindicated, or used in addition to metformin/sulfonylurea combination 
therapy. 

• α-Glucosidase inhibitors may be considered as a further option. 
 

Insulin 
When optimized oral glucose-lowering agents and lifestyle interventions are unable to maintain blood glucose at target 
levels, insulin therapy should be started and may include the following regimens: 

• Basal insulin (eg, insulin detemir, insulin glargine, or NPH insulin) once daily or,  
• Twice daily premixed (biphasic) insulin, particularly with higher HbA1c, or, 
• Multiple daily injections (mealtime and basal insulin) in patients that are not controlled on other insulin 

regimens. 
 

Glucose control levels 
• HbA1c: <6.5% 
• Preprandial blood glucose should be <110 mg/dL 
• Postprandial blood glucose should be <145 mg/dL 

 

Institute for Clinical Systems Improvement (ICSI): Healthcare Guideline: Management of Type 2 Diabetes 
Mellitus (2006)20 

 
Treatment 

 
The ICSI guideline gives only general recommendations for the selection of pharmacological agents. Medication selection 
should be individualized to the patient with consideration of medical history. 
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Insulin 
• Insulin programs should be individualized based on treatment goals, lifestyle and self-monitored blood glucose 

results. 
• If glycemic goals are not achieved on oral agents, begin an insulin regimen either as monotherapy or as an 

adjunct to oral therapy. 

Oral Agents 
• Metformin is the preferred agent if not contraindicated. 
• Sulfonylureas and thiazolidinediones are acceptable secondary choices. 
• Combination therapy with oral agents may be required to achieve goals. 

 

National Institute for Health and Clinical Excellence (NICE): Clinical Guidelines for Type 2 Diabetes: 
Management of Blood Glucose (2002)21 

 
Treatment 

 
Lifestyle Interventions 

• Weight loss and physical activity should be encouraged in overweight (BMI >25 kg/m2) and obese patients. 
 

Metformin 
• Metformin should normally be the first-line treatment choice in overweight patients (BMI >25 kg/m2) not 

controlled through lifestyle interventions. 
• Metformin should be considered an option for first-line or combination therapy in nonoverweight patients. 

 
Insulin Secretagogues (Sulfonylureas, Meglitinides) 

• Considered first-line treatment choice in nonoverweight patients 
• Considered first-line treatment choice when metformin is not tolerated or contraindicated 
• Consider use in combination with metformin in overweight patients when glucose control is unsatisfactory. 

 
PPAR-γ Agonists (Thiazolidinediones) 

• Considered as combination therapy in patients unable to take metformin and insulin secretagogue combination 
therapy or when HbA1c control is unsatisfactory with metformin and insulin secretagogue combination 

 
α-Glucosidase Inhibitors 

• Considered as an alternative agent for patients unable to use other oral glucose-lowering agents 
 
Insulin 

• May be offered to patients with inadequate blood glucose control on optimized oral glucose-lowering agents 
 

Monitoring Glycemic Control 
 

• HbA1c recommended goal is 6.5%–7.5% based on the risk for microvascular and macrovascular complications. 
HbA1c should be tested every 2-6 months. 

 

National Institute for Health and Clinical Excellence (NICE): Type 1 Diabetes: Diagnosis and Management of 
Type 1 Diabetes in Children, Young People and Adults (2004) 22 

 
Children and Young People (<18 Years Old) 

 
Diagnosis 

• Diagnosis is based on criteria specified in the 1999 WHO report (note: WHO criteria updated in 2006) on the 
diagnosis and classification of diabetes mellitus. 
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Treatment 
 
Insulin regimens should be individualized for each patient. Three basic regimens that can be considered include: 

• One to three injections per day utilizing short-acting insulin or rapid-acting insulin mixed with intermediate-
acting insulin 

• Multiple daily injections utilizing short-acting or rapid-acting insulin before meals and one or more separate 
injections of an intermediate-acting or long-acting insulin 

• Continuous subcutaneous insulin infusion utilizing a programmable insulin pump 
 

Monitoring Glycemic Control 
• HbA1c recommended goal is <7.5%. HbA1c should be tested 2-4 times per year or greater in the case of poor 

glycemic control. 
• Preprandial blood glucose should be 4-8 mmol/L (72-144 mg/dL). 
• Postprandial blood glucose should be <10 mmol/L (< 180 mg/dL). 

 
Adults 

 
Diagnosis 

• In the presence of classical symptoms (polyuria, polydipsia, weight loss), confirm diagnosis with single 
laboratory glucose measure or 2 glucose measures when symptoms are absent. HbA1c may support diagnosis. 

• To differentiate between type 1 and type 2 diabetes, consider type 1 with any of the following: marked weight 
loss, absence of metabolic syndrome, or detection of ketonuria. 

 
Treatment  
 
Insulin regimens should be individualized for each patient and insulin choice should permit optimal well-being. Two 
basic regimens that can be considered include: 

• A multiple daily injection regimen; this must be used in conjunction with appropriate education, self-monitoring, 
and dietary management. 

• A twice-daily injection regimen: consider use in patients who have learning disabilities, find adherence to lunch 
time injections difficult, or those that prefer fewer injections. 
 

Monitoring Glycemic Control 
• HbA1c recommended goal is <7.5%. If patient is at increased arterial risk, target HbA1c is <6.5%. HbA1c should 

be tested every 3-6 months. 
• Preprandial blood glucose should be 4-7 mmol/L (72-126 mg/dL). 
• Postprandial blood glucose should be <9 mmol/L (< 162 mg/dL). 
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